Introduction: Degenerative lumbar spinal stenosis (DLSS) usually presents with Neurogenic Intermittent Claudication (NIC): leg pain, possibly back and/or buttock groin pain, exacerbated in extension and relieved during flexion. Interspinous Process Devices (IPD) induce slight flexion and limit extension, increasing in the dimensions of the spinal and neuroforaminal canal and allowing symptom relief. The APERIUS Ò Percutaneous Interspinous Spacer is the first percutaneous IPD. Materials and methods: The INCA trial is a multicenter single arm study evaluating the safety and effectiveness of APERIUS in patients with DLSS and NIC.156 DLSS patients with symptoms of NIC were included. All patients were followed for 12 months (FU visits at 48 h, 7 days, 6 weeks, 6 and 12 months). The primary effectiveness endpoint was the mean % change from baseline in ZCQ Symptom Severity at 6 weeks. Other effectiveness outcomes were % change in ZCQ, EQ-5D, VAS pain score (back, leg and buttock groin pain), pain medication and changes in walking distance from baseline to FU. Procedure and device related SAE were assessed throughout the complete 12 month FU period. Results: 128 patients (mean age 65, range 19-84) completed the12 months FU. Mean complaint duration was 41.3 months. Surgery was done at 1 level (n = 72), 2 levels (n = 74) and 3 levels (n = 10). A total of 250 devices were implanted. Mean procedure time was 15.5 min (1 level), 24.6 min (2 levels) and 39.1 min (3 levels). The % change from baseline in ZCQ symptom severity score at 6 weeks, was statistically significant (mean change 29%, p \ 0.001).
Introduction: Lumbar degenerative disc disease is often treated by fusion of the spinal motion segment. Preservation of motion at the operative level by implantation of a lumbar total disc replacement (LTDR) may preserve motion and reduce adjacent segment degeneration. To understand the mechanical performance of LTDRs in vivo, we performed a prospective analysis of retrieved devices to examine for evidence of wear, surface damage, and bony fixation. Methods: Explanted ProDisc-L Ò LTDRs were cleaned and catalogued according to an IRB-approved retrieval program. Polyethylene (PE) and metallic (CoCrMo) components were examined using light stereo-microscopy (6X-31X) and areas of interest by SEM. Results: 20 ProDisc-L Ò LTDRs from 18 patients at a mean age of 44.5 ± 2.8 years (range 25-60) after a mean implantation time of 396 ± 114 days (range 3 days-5 yrs) were studied. The operative level was L4-L5 in 30% (n = 6), L5-S1 in 60% (n = 12), and unavailable in 10% (n = 2). Indications for revision surgery were pain (n = 7), prosthesis loosening or dislodgement (n = 6), periprosthetic fracture/traumatic loosening (n = 3), infection (n = 2), and unavailable (n = 2). No devices were retrieved due to gross component failure. Bone ongrowth was present on the Ti plasma sprayed coating on the superior component in 80% (n = 16) and on the inferior component in 70% (n = 14) . No evidence of ongrowth on either component was found in 20% (n = 4). Impingement was seen in 75% (n = 15); burnishing of the CoCrMo endplates was seen in 60% (n = 12) and on the polyethylene insert in 15% (n = 3). Impingement was on the posterior aspect in 50% (n = 10) and on the anterior aspect in 40% (n = 8). Evidence of backside wear was observed in 78% (11/14) of disassembled implants and wear consistent with third body wear was observed in 30% (n = 6). Discussion: Anterior-posterior metal-on-metal impingement, backside wear, and third body wear are seen in retrieved LTDR devices at early time-points. Pain and loosening were the most common indications for explantation. Precise matching of the LTDR center of rotation to the physiologic center of rotation of the operative motion segment in the anterior-posterior plane may minimize impingement and improve outcomes. Long-term follow-up studies are needed to evaluate the clinical significance of backside wear, third body wear, and anterior-posterior impingement of LTDRs Introduction: The purpose is to analyse the results of pedicle screw fixation augmented by vertebroplasty using PMMA in osteopenic (osteoporosis, osteomalacia) patients requiring spine surgery. Materials and methods: A retrospective analysis of 130 patients who had cement augmented pedicle screws was performed. X-rays were analyzed to determine cement leakage, pedicle screw loosening (more than 2 mm halo sign around the screw), pull-out and migration. Lung X-rays were evaluated for cement emboli. Pulmonary artery pressures (preop, 24 h and 3 days) were also recorded to detect intraoperative cement emboli to lungs. Surgical technique included standart vertebroplasty technique. Prior to cement injection, mechanical aspiration of the vertebral bodies was done through working cannula to decrease the pressure inside vertebral body. Amount of injected cement was 4 cc per lumbar vertebrae and 2 cc per thoracic vertebrae. Screws were inserted immediately after cement injection. Results: There were 1454 cement augmented pedicle screws with a mean follow-up of 48 (24-108) months. The average age of the patients (92 F, 38 M) was 69,6 (45-90) years. Diagnosis was degenerative spinal stenosis in 89, trauma in 27, infection in 10 and tumor in 4 patients. Mean number of cement augmented screw per patient was 20 (range 4-32). Extravasation of cement was seen in 27 patients, none in spinal canal. Acute hypotension was observed immediately after cement injection in 15 patients. Preoperative mean pulmonary arterial pressure of 35 mm/Hg was elevated to 48 mm/Hg in first postop day and decreased to 42 mm/Hg at the third postop. Pulmonary X-rays revealed cement emboli in 8 (6%) patients and 4 had respiratory problems. All had CTs to confirm the emboli. All patients with cement emboli had secondary prophylactic anticoagulant treatment. There was no screw loosening, migration or pull-out detected in the follow-up X-rays. There was no fracture at the augmented levels. None of the patients had reintervention due to implant failure. Nine superficial infections were treated by debridement and antibiotic therapy. Conclusion: Cement augmentation of pedicle screws in osteoporotic and osteomalacic patients provides rigid fixation and prevents implant failure. Cement leakage outside the canal can occur but usually asymptomatic. Pulmonary cement emboli can be a problem and should be monitored carefully.
S5 FAILURE OF PELVIC FIXATION AFTER LONG CONSTRUCT FUSIONS IN ADULT DEFORMITY PATIENTS: CLINICAL AND RADIOGRAPHIC RISK FACTORS
W Cho, J Mason, A Wilson, C Shaffrey, F Shen, A Shimer, W Novicoff, K Fu, J Heller, V Arlet Department of Orthopedics, Uniersity of Virginia, Charlottesville, VA, USA Introduction: Pelvic fixation provides biomechanical support to the base of the long constructs used for adult deformity. However, the failure rate of the pelvic fixation and its risk factors are not well known. Methods: The retrospective review included 190 adult deformity Pts who had long construct instrumentation ([6 levels) with iliac screws.
Pts' clinical and radiographic data were analyzed. Pts were divided into two groups: failure (F) and non-failure (N-F). A minimum 2 year follow up was required for inclusion in N-F. In F, regardless of the failure occurred before or after 2 years, all Pts were included. In both groups, the Pts who needed revisions due to causes other than pelvic fixation failure before 2 years were also excluded (e.g. PJK). Failures were defined as Major (M) and minor (m). Major F(M-F) included rod breakage between L4 and S1, failure of S1 screws (breakage, halo formation, or pullout), and prominent iliac screws requiring removal. Minor F(m-F) included rod breakage between S1-iliac screws and failure of iliac screws. Minor failures did not require revision surgery. Multiple clinical and radiographic values were compared between M-F and N-F. Results: Out of 190 Pts, 67 Pts met inclusion criteria and were enrolled. Overall failure rate was 34.3%: 8 Pts in M-F (11.9%) and 15 Pts in m-F (22.4%). M-F occurred at a statistically significant greater rate in those Pts who had revision surgery, greater pelvic incidence (PI), and poor restoration of lumbar lordosis and/or sagittal balance. Pts with a higher number of co-morbidities and preop coronal imbalance showed trends toward an increase in M-F although these trends did not reach statistical significance. Age, sex, body mass index, smoking history, number of fusion segments, fusion grade, and several other radiographic values were not shown to be associated with increased risk of M-F. 87.5% of Pts in M-F and 84.1% of N-F had ant column support (ALIF or TLIF). Conclusion: The incidence of overall failure was 34.3%, but the clinically significant major failure after pelvic fixation in adult deformity surgery was 11.9%. Risk factors for Major failures are a larger PI, revision surgery, and failure to restore lumbar lordosis and sagittal balance. Background: Outcome of lumbar disc herniation is often based on clinical scores and less frequently on the neurological examination. However, even when clinical outcome measures are favorable patients may still present motor or sensory impairment. Objectives: The objectives of the current study were to evaluate the percentage of persistent neurological impairments after lumbar disc surgery and if these deficits correlated to clinical outcome. Methods: A total of 150 patients with sciatica due to lumbar disc herniation with neurological impairment were submitted to microdiscectomy and prospectively followed during 24 months. Patients were assessed pre and post-operatively with neurological examination, the Oswestry Disability Index, and the visual analogical scale for pain (VAS).
Results: Twenty-four months after surgery 25% of patients that presented with motor deficits, 40% of patients with sensory deficits, and 48% of patients with reflex abnormalities remained unchanged. The VAS and the Oswestry index showed significant improvement, in both patients with and without persistent neurological impairment immediately after surgical repair of the herniated disc with progressive improvement over the follow-up period. However, when calculating the area over the receiver operator characteristics (ROC) curve, no statistically significant correlation could be established between the presence and persistence of neurological impairment and the two above clinical scores.
Conclusion: In the current study both the VAS and the Oswestry Index were unable to reliably and consistently reflect the presence of persistent neurological impairment of any kind (sensory, motor or reflex). The use of these outcome measures did not allow the differentiation between patients with and without persistent neurological deficits after lumbar disc herniation surgery, suggesting that they should not be used as the sole tools to assess final outcome in these patients. Our findings also suggest that a thorough neurological examination should always be used to assess neurological status in patients with sciatic pain caused by LDH. There seems to be no correlation between clinical results and neurological impairment when assessed by the VAS and the Oswestry disability index.
S7 SYNOVIAL FACET CYSTS AFTER DECOMPRESSIVE SURGERY FOR LUMBAR SPINAL CANAL STENOSIS-A PROSPECTIVE COHORT STUDY
A Nagamachi, S Toki, T Tsutsui, H Yonezu, K Adachi, K Inoue, T Endo
Orthopedic surgery, Mitoyo General Hospital, Kagawa, Japan
Introduction: It is known that synovial cysts arise from the facet joints after decompressive lumbar surgery. However, it is not well known about the incidence or when postoperative synovial facet cysts (PSFC) arise. Purpose: The purpose of this study is to clarify the incidence and at what time PSFC arises after the surgery. This study is a prospective cohort study. Materials and methods: There were 81 patients who underwent partial facetectomy and flavectomy of the involved levels for lumbar spinal canal stenosis. There were 52 male and 29 female (mean age 70 years, ranged 42-85 years). Mean follow up period was 33.8 months (ranged 24-48 months). All patients underwent MRI at 1, 3, 6 months, 1 and 2 years after the surgery. Cystic lesions demonstrating low signal intensity in T1 weighted and high signal intensity in T2 weighted MRI axial images, which connected with the facet joints were defined as PSFC. The incidence, the involved levels and at what time PSFC arose and disappeared after the surgery were noted.
Results: Twenty eight of 81 patients (34.6%) had PSFC at the operated levels. Twenty-two PSFC (75.9%) out of those 81 were observed at L4-5 level. PSFC were found 4.8 months (ranged 1-23 months) after the surgery in average. We also observed disappearance of PSFC in 12 patients (42.9%) out of those 28 patients. The timing of PSFC disappearance was 11.8 months after the surgery in average. There were two patients who had symptoms that originated from PSFC. Symptoms were relieved by facet joint block in these two patients. Discussion: Reported incidence of primary juxta-facet cyst ranged from 0.5 to 2.3%. Interestingly, the high incidence of PSFC (34.6%) was observed in this study. This result suggested that PSFC was related to the decompressive lumbar surgery. 
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Ventral side of the facet joint is covered by the flavum without capsule. Resection of the hypertrophic flavum has to be performed in decompressive surgery. As a result, the facet joint directly connects with spinal canal. As progress of the facet joint degeneration, synovitis deteriorates and hypertrophied synovium may protrude from the facet joint. Conclusion: Although the high incidence of PSFC (34.6%) was observed in this study, approximately half of those disappeared spontaneously. Twenty-two PSFC (75.9%) were observed at L4-5 level. Only two patients had symptoms originated from PSFC in this series.
S8 TIME TO DEVELOPMENT, CLINICAL AND RADIOGRAPHIC CHARACTERISTICS, AND MANAGEMENT OF PROXIMAL JUNCTIONAL KYPHOSIS IN ADULT THORACOLUMBAR INSTRUMENTED FUSION
DL Reames, JS Smith, DK Hamilton, V Arlet, CI Shaffrey Neurosurgery/Orthopaedics, University of Virginia, Charlottesville, VA, USA Introduction: Proximal junctional kyphosis (PJK) represents a common mode of failure following deformity surgery. Clinical and radiographic features, natural history and success of treatment, and differences between symptomatic and asymptomatic PJK were assessed. Methods: 289 consecutive adult patients were treated for spinal deformity with five segment instrumented posterior thoracolumbar fusion from 2004 to 2009. PJK was defined as [10°change at the rostral fusion construct. Co-morbidities, demographics, indication and timing for revision surgery, and radiographic data from standing 36-in. films were collected.
Results: 32 cases of PJK (11%) were identified with mean age 66 years . 17 (53%) had undergone surgery prior to the index procedure. Co-morbidities included osteopenia/osteoporosis, hypothyroidism, and current or previous smoker (31% each). Female predominance (3:1) and obesity (average BMI 30) were noted. Degenerative scoliosis (n = 26, 81%) was the most common diagnosis for the index procedure. Upper and lower-most instrumented vertebra were T10/T11 (N = 30, 94%) and ilium (N = 25, 78%). Mean follow-up was 34 months. 16 (50%) required revision (mean of 1.7 revisions, range: 1-3) at a mean of 9.6 months (range: 0.7-40), while 16 (50%) have not required revision. Comparison of pre-and post-index surgery radiographic parameters showed no significant change in sagittal balance (9.6 vs. 8.0 cm, p = 0.76), but there was a significant increase of lumbar lordosis (24°vs. 42°, p \ 0.001) and T5-T12 kyphosis (30°vs. 53°, p \ 0.001).
Conclusion: These data suggest that susceptibility to PJK may relate to development of an exaggerated postoperative compensatory thoracic kyphosis to offset a significant surgical correction of lumbar lordosis. Residual post-operative positive sagittal malalignment may predispose to development of PJK. Obese, elderly females with poor bone quality may represent a high risk population for PJK. Clinical symptoms rather than absolute reliance on imaging should drive the decision to pursue revision surgery. Results: Increased bone volume was observed in PEEK patients. At 3 months postoperative, mean bone volume was 51.4% ± 11.9 (n = 17) in the PEEK group and 44.2% ± 7.8 (n = 28) in the Ti group (p = 0.019). At 12 months after surgery, the mean bone volume was 69.1% ± 11.2 in PEEK patients and 58.6% ± 13.7 for Ti (p = 0.011). A sub-analysis revealed a significant difference favoring PEEK at L5-S1.
Conclusions: This quantitative analysis suggests new findings about the impact of materials on device-related stress shielding after anterior/posterior fusion with a rod/screw system. PEEK rod patients appear to be developing bone more quickly, and in greater volume, than patients with titanium rods.
S11 A NEW PREDICTIVE INDEX FOR BACK MUSCLE DEGENERATION ASSOCIATED WITH AGING
K Takayama, T Kita, F Kanematsu, T Yasunami, H Sakanaka Department of Orthopaedic Surgery, Seikeikai Hospital, Osaka, Japan
Introduction: Low back pain (LBP) is a highly prevalent problem in society. It is widely accepted that maintaining both paraspinal muscle function and lumbar lordosis is important in the prevention of LBP. The multifidus muscle in particular is important in stabilizing the lumbar segments and controlling lumbar lordosis, and atrophy of it is strongly associated with LBP. It has been reported that measurement of the morphology of the lumbar paraspinal muscles using magnetic resonance imaging (MRI) is an effective means of determination of atrophy and fat infiltration of muscle, though it is very cumbersome to perform. We therefore focused on the groove between the left and right lumbar paraspinal muscles as a simple index for evaluation of back muscle degeneration. The purpose of this study was to evaluate the validity of this new index in investigating paraspinal muscle degeneration.
Methods: A total of 160 patients by 10 subjects of men and women in each decade aged 10-80 years of age who had maintained lumbar lordosis over 20°were included in this study, without considering the degree of LBP or related problems in the selection of subjects.
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were excluded. Body mass index (BMI) was calculated. Axial T2-weighted MRI was used to measure cross-sectional area (CSA) and fat infiltration of the paraspinal muscle at the intervertebral disc level from L1 to L5. To quantify the depth of the groove between the paraspinal muscles, our own image indicator, the T-back value, equal to the length of the bulge of muscle to the attachment of the spinous process, was also measured. We then determined the correlation between the T-back value and paraspinal muscle degeneration. Results: The mean BMI was 22.1 ± 3.3, and there was no significant difference between age groups. The CSA of paraspinal muscle tended to decrease with age, and in those aged over 60 was significantly decreased compared with that in those less than 20 years of age. Fat infiltration increased with age, most markedly at lower lumbar levels. There was a negative correlation between CSA and fat infiltration at all levels (r = -0.474 to -0.634, p \ 0.0001). T-back value significantly decreased with age, and was strongly correlated with CSA at all levels (r = 0.709-0.789, p \ 0.0001). Conclusion: Our new index, the T-back value, is a simple and practical means of evaluating back muscle degeneration associated with aging. Introduction: There is increasing demand for the reporting of health outcomes using concepts that are relevant to the individual patient and readily understood by clinicians, especially when interpreting the response to treatment. Expressing results as the proportion of patients achieving a ''minimum clinically important change'' is one way of indicating therapeutic success; a complementary approach involves assessing the proportion of patients achieving a level of symptoms that they consider ''acceptable'' (patient acceptable symptom state; PASS). This study sought to evaluate the PASS level for pain in spine surgery patients. Methods: Patients in our spine center undergoing surgery for painful lumbar degenerative disorders and declaring back or leg pain to be their major complaint completed a questionnaire before, and at 3, and 12 months after surgery. It contained 0-10 graphic rating scales for back pain and leg pain (the higher of the two scores being used for further analysis) and a question concerning the acceptability of symptoms: ''if you had to spend the rest of your life with the symptoms you have now, how would feel about it?'', answered on a 5-point Likert scale from ''very satisfied'' to ''very dissatisfied''. This was dichotomised and used as the external criterion in receiver operating characteristics (ROC) analyses to derive the cut-off score for pain that best indicated an ''acceptable state'' (optimising for sensitivity and specificity). Results: A questionnaire was returned at all time-points by 2,695 patients. As expected, few patients (5.9%) were in a PASS preoperatively; at the two follow-ups, approx. 60% were in a PASS. The areas under the curve for the ROC analyses at 3 and 12 mo postop were 0.83 (95% CI, 0.82-0.85) and 0.89 (95% CI, 0.87-0.90), respectively, indicating a good ability of the pain score to discriminate between being in a PASS or not. The cut-offs indicating an ''acceptable symptom state'' for pain intensity were\3 points and\4 points at 3 and 12 mo postop respectively (sens, 72-83% and spec 80-85%). Conclusion: In most cases, spine interventions are aimed at decreasing pain but rarely do they totally eliminate it. Hence it is useful to know the maximum pain level that can be considered to represent an ''acceptable state''. Determination of the % patients achieving the PASS for pain may represent a useful and more stringent target for denoting surgical success.
S13 RESULTS AND PROBLEMS OF MONOSEGMENTAL PLIF PROCEDURE USING BIORESOBABLE CAGES CLINICAL AND RADIOLOGICAL RESULTS
J Franke, A Grundig, C Bochwitz Department of orthopedics, Otto von Guericke University, Magdeburg, Germany
Introduction: Bioresorbable Cages do not have the disadvantage of artefacts in postoperative radiologic imaging (MRI and CT) like metallic implants. Furthermore they provide the advantage of lower stress shielding to enhance and accelerate intervertebral fusion. Hereby the fusion should occur in a an accurate alignment for the lumbar spine. The present study analyses the clinical data as well as the behaviour of the intervertebral space with the consecutive segmental and total lumbar alignment form direct postop to the occurrence of a bony fusion. Material and method: In 2004 and 2005 42 patients were operated on monosegmentally performing a PLIF procedure with posterior fixateur using the Telamon Ò Hydrosorb TM as PLIF Cage. 26 patients could be follow up prospectivly with a follow up ranging from 34 to 56 months. We gathered the clinical data, the subjective satisfaction, OSW-Score, VAS scale and radiologic results. Radiologically we looked at segmental and total lumbar lordosis, intervertebral heights, lysis zones and fusion signs. Results: The addressed segment was within L1 and S1, whereby L4/5 was operated on in 45%. 11 patients had to be revised mainly for pseudoarthrosis. The radiological results showed in over 50% our cases lysis zones of the upper and lower endplate in conjunction with the cages wihin the first 6 months. This resulted in subsidence of the cages and loss of intervertebral heights. Furthermore there was a rekyphosing effect compared to direct po over time. The loss of intervertebral heights over time was present in almost all cases. Nevertheless a bony fusion occurred in 23 out of 26 Cases assessed by CT-scan. Clinically the was a success rate of 78% of the patients.
Discussion: Clinically our results are compatible with those known from the literature for a PLIF procedure. There was a very high incidence of lysis zones within the vertebral endplate resulting in subsidence and consecutive loss of intervertebral heights and a rekyphosing effect to the segment. This led to a high revision rate for Pseudoarthrosis and adjacent segment disease. Overall we abandoned using bioresorbable cages for a PLIF procedure because of the fact they are not supporting the load transmission long enough that the bony fusion occurs in the intraoperatively achieved alignment. The full-endoscopic operation was performed with 9.9-mm endoscopes with 6.1 intra-endoscopic working canal. The follow-up was 24 months. 135 patients were followed. Additionally to general parameters validated scores were used. Results: 72% of the patients had postoperatively no longer leg pain or it was nearly complete reduced. 21.2% had occasional pain. The clinical results were similar in both groups. The rate of complications and revisions was significantly reduced in the FI group. 11 patients showed transient postoperative dysaesthesia (7 9 MI, 4 9 FI), 4 patients had transient urinary retention (3 9 MI, 1 9 FI), Dura injuries occurred in 5 patients (4 9 MI, 1 9 FI); 3 patients (2 9 MI, 1 9 FI) showed a increase in preoperativelyexisting foot dorsiflexion paresis. One patient (MI) required revision because of epidural haematoma, 5 patients delayed wound healing (5 9 MI). Apart from transient dysaesthesia and transient urinary retention, the complication rate was 8.8% (MI = 12.5%, FI = 5%) and was significantly higher in the MI group (p \ 0.05). Four patients (3 9 MI, 1 9 FI) required revision surgery due to persistent leg pain and/or progredient back pain, 3 (2 9 MI, 1 9 FI) of these additionally underwent fusion. Introduction: In patients with spinal or pelvic injuries caused by high-energy trauma, reconstructive surgery is performed so as to prevent complications and achieve early rehabilitation. Siremobil Iso-C3D (Siemens, Germany) is a mobile C-arm (Iso-C) that can reconstruct 3D images and allow surgeons to perform navigation surgery more accurately and quickly through the intraoperative evaluation of the 3D anatomy. Intraoperative use of fluoroscopy can therefore be reduced, minimizing radiation exposure to patients and medical staff. This report discusses the usefulness and safety of navigation surgery using Iso-C performed on patients with spinal or pelvic trauma. Subjects and methods: Two hundred and ninty patients with spinal or pelvic injuries who received instrumentation surgery using both Iso-C and a navigation system were recruited as subjects (131 with cervical spinal injuries, 126 with thoracolumbar spinal injuries, and 33 with pelvic trauma). All subjects received implants intraoperatively based on 3D images obtained using Iso-C. Screws used included the following: 1,435 pedicle (553 for the cervical spine and 882 for the thoracolumbar spine), 86 cervical lateral mass, 6 odontoid, 112 iliac, and 10 iliosacral. Accuracy of screw insertion was postoperatively evaluated with thin-slice CT (1.25 mm thickness). Grade 1 was assigned to screws that were correctly inserted within the bone cortex. Grade 2 was assigned to those where the screw thread penetrated through the bone cortex but where the deviation was less than 2 mm, while grade 3 was assigned to those for which the deviation was greater than 2 mm. Intraoperative radiation exposure time was also recorded.
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Results: No complications such as neurovascular damage were associated with surgery. Postoperative CT evaluation of the accuracy of screw insertion revealed that grades 2 and 3, were only observed with pedicle screws. For the cervical spine, 10 and 4 screws were defined as grades 2 and 3, respectively, while for the thoracolumbar spine, 22 and 7 were respectively categorized as grades 2 and 3. The rate of faulty insertions was 2.9% for pedicle screws. The average radiation exposure time needed to obtain intraoperative 3D images was 2.2 min. Discussion and conclusion: Reconstructive surgery for spinal or pelvic trauma is likely to be performed urgently and requires secure initial fixation. Computer navigation systems improve the accuracy of surgical procedures by functioning as surgeons' ''second eyes,'' and can be applied during urgent surgery. Moreover, these systems can reduce radiation exposure and thus increase the safety of patients and medical staff.
S20 SACRAL AND COCCYGEAL REMODELING WITH CT-GUIDED VERTEBROPLASTY

L Manfre
Neuroradiology, AOE Cannizzaro, Catania, Italy
Background and purpose: Painful sacral insufficiency or tumoral fractures are clearly detected on MRI and bone scanning. Moreover, coccygeal sublussation after trauma can be responsible for unsustainable pain when the patient is seated. The purpose of our investigation was to obtain sacral and coccigeal vertebroplasty using CT-guided percutaneous fractionated injection of polymethylmethacrylate. Methods: Among 743 patients undergone Vertebroplasty procedure, 21 cases with osteoporotic or neoplastic sacral involvement were selected. All the patients referred severe local pain and motion disability. Pain intensity was scored on a VAS scale ranging from 0 (no pain) to 10 (unsustainable pain). Motion disability was graded using a 5-points scale. In patients with osteoporotic fractures, bilateral paraspinal approach through the sacral body-to-wing lines was used. In sacral malignancy, trans-alar route and/or trans-foraminal route were adopted. Multiple 2-3 cc PMMA microinjections were performed under CT-guide, to remodel the original sacral shape. In the three patients with coccygeal luxation, the coccyx was fused to S5 using a single shot of PMMA and transacral-coccigeal route.
Results: All the patients were painless or referred significant pain reduction after 4 weeks. Complete sacral remodel was achieved in all the patients, without foraminal or extra-sacral leakage nor complications. In patients with coccygeal sublussation, the pain was resolved immediately after the treatment, the patients being painless in seated position. Conclusion: CT guided fractionated PMMA injections allows efficient sacral and coccyx remodeling preventing PMMA foraminal leakage, resolving the pain of patients. Orthopedic Surgery, Osaka Medical College, Osaka, Japan Background: Treatment for osteoporotic vertebral body collapse accompanied with neurological impairments is controversial. Purpose: To investigate the results of posterior spinal shortening surgery with pedicle screw instrumentation for osteoporotic vertebral body collapse and evaluate the efficacy of this surgery. Study design: Retrospective study. Materials and methods: Nineteen consecutive patients who underwent posterior spinal shortening surgery for osteoporotic vertebral body collapse (mean age, 69.6 years; 8 males, 11 females) were retrospectively evaluated. Surgical invasiveness, postoperative complications, clinical symptoms (back pain, ability to walk, sensory disturbance, and JOA score) and radiographic findings (angle of local kyphosis, instrumentation failure, and adjacent segment disease) were examined. Mean observation period was 20.6 months (6-71 months).
Results: Mean operation time and blood loss were 313 min and 705 g, respectively. There were no major postoperative complications. Mean visual analogue scale of back pain was improved from preoperative 87 to 24 mm postoperatively (p = 0.0000). In 12 patients, ability to walk was improved. In 13 patients, sensory disturbance was relieved. Mean JOA score was increased from preoperative 5.1 points to 15.9 points postoperatively (p = 0.0013).
In radiographic findings, the angle of local kyphosis changed from 37.1°to 19.0°(p = 0.001). In five patients, instrumentation failure occurred before bony fusion was obtained; consequently two patients needed a revision surgery. New vertebral body fractures in the fused extent or adjacent vertebrae occurred in five patients.
Discussion and conclusion: Osteoporotic vertebral body collapse accompanied with not only pain but neurological abnormalities has to be surgically treated by decompression of the neural tissues and reconstruction of the spinal column. In this study, clinical results of posterior shortening surgery for osteoporotic vertebral body collapse were good on the whole. However, two patients were forced to undergo a revision surgery because of instrumentation failure. In order to prevent instrumentation failure and achieve more successful results by this surgical method, instrumentation using not only pedicle screws but also hooks or others seemed to be needed in spite of the number of fused segments. Results: The vertebral level of maximal spinal cord compression was found to be in the cervical spine in 12% (18/153), thoracic spine in 62% (94/153) and lumbar/sacral spine in 26% (41/153). In the thoracic spine the most common vertebral levels involved were T3, T5, T7 and T11, and in the lumbar spine L3 was the most commonly affected level. The most common histological types were breast in 16% (25/153), renal in 16% (24/153), myeloma in 14% (22/153), prostate in 13% (20/153) and lung in 8.5% (13/153). The majority of metastases from breast (80%) and lung (85%) primaries affected the cervical/thoracic spine, whereas the majority of metastases from prostate (70%) and renal (75%) primaries involved the lower thoracic and lumbar spine. Myeloma was found to have no predilection for any specific vertebral level. Breast and Prostatic spinal metastases were multiple (more than one) in 75%, whilst myeloma, renal and lung metastases were solitary in up to 50% of the cases. With respect of s neurological outcome, there was either no change or improvement in Frankel Grade in the majority of cases (breast-80%, renal-75%, myeloma-95%, prostate-90%, lung-100%). At last follow-up, 111/153 (73%) patients had died. The median survival (days) was : breast-578; myeloma 453; prostate-361; renal-221 and lung-93. Discussion and conclusions: Most spinal metastases occur in the thoracic spine and the most common levels involved were T3, T5, T7 and T11. The vertebral level of maximal spinal cord compression was in the cervical/thoracic regions with breast and lung primaries and in the lower thoracic/lumbar regions in cases of renal and prostate primaries.
S22 ANALYSIS OF LEVELS OF METASTATIC SPINAL CORD COMPRESSION (MSCC) AND OUTCOME OF SURGERY IN RELATION TO THE HISTOLOGICAL TYPE OF PRIMARY TUMOUR
Myeloma affected all spinal levels. Renal and lung cancers were more likely to present as a solitary metastasis in the spine. 
Materials and methods:
Radiographs and clinical charts of 27 consecutive patients with painful kyphotic angulation of the posttraumatic spine having more than 2 years follow-up were analysed.
Results: There were 10 male and 17 female patients with an average age of 46 (14-80) years. Av. follow-up was 5 (2-10) years. Two patients had two consecutive level fractures. Seventeen fractures were located at thoracolumbar spine (T11-L2), while four were at lumbar and eight were at thoracic spine. Av. time interval between trauma and correction surgery was 50 months (6-240). Thirteen patients had previous surgeries. The main complaint of patients were back pain unresponsive to conservative treatment at least for 6 months and three patients had partial neurological compromise but were able to ambulate. Fifteen patients had same day sequential-simultaneous antero-posterior surgery, four had PSO and eight had PVCR. Average local kyphosis of 39°(20°-95°) was corrected to 4°(-22°-46°) and found to be 5°(-20°-48°) degrees at the final follow-up. 12 patients with positive sagittal imbalance had improvement. Complications included dural tear (4), pneumothorax (1), late operative side pain (1), transient paraplegia due to hematoma (1). Likert pain,function and appereance scale demonstrated significant improvement in all domains at the final follow-up. Conclusions: Surgical treatment by either combined anteroposterior surgeries or posterior osteotomies, provided major correction in kyphosis and good clinical outcome.
S24 TREATMENT OF DEEP SURGICAL SITE INFECTION AFTER THE SPINAL OPERATION: EFFECTIVENESS OF CONTINUOUS IRRIGATION -
T Chikawa, H Nakagawa, R Hamaguchi, M Nakamura, S Nakano, T Shimakawa
Orthopedics Surgery, Tokushima Municipal Hospital, Tokushima, Japan
Purpose: Surgical site infections (SSI) are one of the inevitable complications. In this study, we retrospectively reviewed patients who had wound infection and was managed by complete debridement and continuous irrigation. Based on the results, we discussed the effectiveness of continuous irrigation. Background: Pyogenic spondylitis has frequently been noted in aged or morbid patients with increasing incidence. Antibiotic therapy methods are changing as the causal bacteria become resistant to those therapies, thereby resulting in a difficulty in managing this disease.
Purpose: This study was performed to investigate the causal bacteria and evaluate antibiotic therapy methods in patients with pyogenic spondylitis. Study design: This was a retrospective clinical study.
Patients: A total of 83 patients with pyogenic spondylitis were treated in this hospital from 2000 to 2010 and all of them were included in this study. There were 47 males and 36 females. The age of the patients ranged from 38 to 84 years with an average of 64.1 years.
Outcome measures: The bacterial detection rate, bacterial species, antibiotic types used for treatment, and antibiotic sensitivity were assessed.
Methods:
The relationship between bacterial detection rate and antibiotics before examination, the phase of disease development, bone destruction or abscess was investigated.
Results: Bacteria were detected in 45.8% of all the patients. In the untreated group, bacteria were detected in 48.2%, which is significantly higher than that in the antibiotic treated group. The bacterial detection rate was not significantly different in each phase of disease development. Bacteria were detected more frequently in patients with bone destruction or abscess than in those without such conditions. Gram-positive bacteria were detected in 76.3% of the patients. Methicillin-resistant Staphylococcus aureus (MRSA) was found in the majority of patients. Gram-negative species were detected in 23.7% of the patients. Cephem antibiotics sensitive to the causal bacteria were used in 67.5% of these patients, while carbapenem antibiotics were used in 22.9% of patients with resistant bacteria. For patients with MRSA, gluco-peptide was used as the first-line treatment, but the use of linezolid was necessary in three patients. Discussion: MRSA increasingly recognized as a causal bacterium of pyogenic spondylitis. Resistant bacteria are also detected in gramnegative species. The number of cases requiring the use of carbapenem antibiotics is increasing. Gluco-peptide is ineffective in some patients with MRSA, and linezolid is necessary in these patients. However, it is important to follow up patients for any adverse effects and the emergence of resistant bacteria during treatment with these broad spectrum antibiotics.
S26 A CASE SERIES OVER TEN YEARS IN A REGIONAL SPINAL UNIT AND SUGGESTIONS FOR MANAGEMENT
M Hakimi, R Verma, S Mohammad
Spinal Unit, Salford Royal Hospitals NHS Foundation Trust, Manchester, UK Postoperative blindness is a very rare but devastating complication associated with major procedures e.g. Cardiac bypass surgery, Transplantation or Aneurysm repair but the most common procedure associated with this complication is spinal surgery. The American Society of Anesthesiologists created the Postoperative Visual Loss Registry (ASA POVL) to explore its aetiology and potentially uncover risk factors that make an individual more susceptible to postoperative visual loss. The registry excludes ophthalmologic surgeries. In the most recent report released by the ASA POVL 67% of cases were associated with spinal surgery. Its true incidence is debateable because of its rarity but is of the order 1 in 60,000. It has an uncertain aetiology most likely due to its infrequency but prolonged hypotension in the prone position;
peri-orbital pressure and high intra-operative blood loss appear to be important factors as well as co-morbidities of the patient. The outcome when it occurs is unpredictable and ranges from blindness to full recovery. We comment on the experience at our unit numbering six cases over a 10 year period, looking at patient and procedural factors. Based on our experience we suggest measures to optimise a patient prior to; and during surgery and a protocol for use when this complication arises. Introduction: Vertebral augmentation procedures for osteoporotic vertebral compression fractures (VCFs) are associated with some problems with subsequent fractures (SFs). The purpose of this study was to evaluate the spinal instability factors related to SFs. Materials and methods: 285 patients [vertebroplasty (VP), n = 231; kyphoplasty (KP), n = 54] with X-ray follow-up [6 months were enrolled. After correcting the SIPS by factors which possible preventing HFs (0 to -8), based on the corrected SIPS in VPs, the SFs risk group were classified into the following four groups: group A, no risk group (*11.5); group B, low risk group (12-13.5); group C, moderate risk group (14-18.5); and group D, high risk group (19-). SFs were classified following four groups: (1) no SFs (NSFs), (2) neofractures (NFs), (3) HFs, and (4) kyphotic compression fractures (KCFs). We treated the patients with additional augmentation procedures for HFs and NFs. We analyzed SFs patterns of patients who underwent VPs. Each occurrence rate was studied for factors that may induce SFs due to instability; scoring was performed related to the HFs occurrence rate only. By summation of those scores, we obtained corrected SIPS for SFs. The items of the SIPS included fracture site (score, 2-5), vertebral augmentation level (2-6), bone mineral density (1-5), vertebral height (1.5-10), vertebral kyphotic angle (1.5-6), spinal column kyphotic angle (1-6). Introductions: It is proved that fresh burst fracture can be indirectly reduced using posterior ligamentotaxis. The authors hypothesized that ligamentotaxis can be obtained through an anterior approach. The significance is to make the posterior vertebral wall preservation possible; therefore the invasiveness of anterior approach can be markedly reduced, while advantages of anterior surgery can be well applied.
S27 SPINAL INSTABILITY PREDICTING SCORE (SIPS) FOR
Methods: Sixty-eight thoracolumbar burst fracture patients with or without neurologic deficits were treated using posterior vertebral wall preserved corpectomy, strut-graft and instrumentation. The reduction of retropulsed fragment was mainly performed by anterior distraction with instrumentation. Intraoperative conditions, kyphotic angle, spinal stenotic rate and neurological status were documented. Frankel impairment scale was applied to grade the neurological status of the patients. To date, 52 patients have 2.2-year follow-up data available.
Results: All patients were successfully managed with this technique. Except for three patients who developed pneumothorax, no other major complications occurred. The blood loss was mean of 320 ml (range, 150-460 ml). The average operation time was 90 min (range, 70-125 min). To last follow up, 1-3 grades' improvement was obtained in patients with incomplete paraplegia. Lumbar myelography was applied in eight patients with suspected spinal canal patency during operation and blocked spinal canal was detected in three patients, in whom the posterior vertebral wall was excised. The posterior vertebral wall was preserved in 64 out of 68 patients and the preservation rate was 94%. The kyphotic angle was corrected from 18.2°to 8.1°immediate after surgery. This value was 9.7°at last follow up. CT scan showed stenotic rate of the 68 patients was 42%, Single-level total disc replacement (TDR) is well established and it results generally in good clinical outcomes. However, different success rates are reported when TDR is performed on more than one level. The conditions which have to be fulfilled in order to gain success during TDR are not fully understood, but a balanced sagittal profile of the spine after lumbar TDR is generally known to be a prerequisite for long-term success. It is not clear whether exclusively patient intrinsic factors or if also the pure variation of the number of artificial discs affects the spinal balance. In an analytical study the patient specific conditions can be kept constant while the surgical parameters can be varied and thus allow to investigate whether the spinal balance and the disc forces are affected by the number of artificial discs and if this may explain different surgical outcomes. In a probabilistic analytical study a musculoskeletal model (AnyBody Technology A/S, Aalborg, Denmark) was used in a combination of inverse static and optimization analyses (optiSlang, Dynardo GmbH, Germany) to calculate the impact of the number of lumbar TDRs on the deviations from the surgically-aimed sacral slope, lumbar lordosis, and horizontal thoracosacral distance. The number of replaced discs was varied between one and three, starting consecutively at the lumbosacral level. To account for surgical uncertainties, implant locations were statistically varied in the antero-posterior direction. Altogether 120 combinations were investigated. The likely standing posture was determined in such a way that maximum muscle synergism is established. With increasing number of artificial discs the most probable shape deviation increases and the spinal shape becomes increasingly unpredictable. The sacral slope with one artificial disc is always less than 1°different from the intact situation, but it may change by up to 10°for three artificial discs. The most probable lordosis deviation is negligible for single-level TDR while it is calculated to be up to 8°for TDR at three levels with a range of 9°. The thoracosacral distance changes by less than 1 mm with single-level TDR, while the maximal deviation may be up to nearly 33 mm when three discs are replaced. The most probable deviation, is 12 mm (Fig. 1) . In summary, the risk of an undesirable spinal balance significantly increases with the number of TDRs but deviations do, however, not occur inevitably. The anatomy and kinematics of the lumbosacral junction differ substantially from proximal levels: the L5-S1 segment has greater segmental lordosis and the center of rotation (COR) in flexion-extension is located more posterior and cranial. Recent studies have reported that single spherical bearing prostheses yield smaller postoperative Range of motion (ROM) at L5-S1 compared to L4-L5, and attributed this to the inability of a fixed COR prosthesis to approximate the COR location of the native L5-S1 segment. We hypothesized that compressible disc prostheses allowing 6-degreesof-freedom (6-DOF) will function similarly in restoring native kinematics at L4-L5 and L5-S1. Methods: Twelve human lumbar spines were tested in flexionextension (FE), lateral bending (LB) and axial rotation (AR). Response in FE was measured under 400 N and 800 N compressive preloads. In six specimens, mono-segmental total disc replacement (TDR) was performed at L4-L5 using a compressible 6-DOF prosthesis. In another six specimens, mono-segmental TDR was performed first at L5-S1. After kinematic assessment, a second prosthesis was implanted at L4-L5 and testing repeated. ROM in FE, LB and AR, and flexion-extension COR were measured.
Results: Comparing mono-segmental TDRs, the ROM values (in degrees) of the reconstructed L5-S1 segment were similar to those of L4-L5 in FE (L5-S1: 9.0 ± 1.7 vs. L4-L5: 8.2 ± 1.5, p = 0.41), LB (3.4 ± 1.0 vs. 5.0 ± 2.8, p = 0.27), and AR (1.7 ± 0.5 vs.
3.4 ± 1.8, p = 0.07). The ROM values of the L5-S1 TDR were unaffected by the presence of a TDR at L4-L5 (p [ 0.20) . In intact spines, the L5-S1 COR location was significantly more posterior (p \ 0.01) and more cranial (p = 0.06) than the L4-L5 COR (Fig. 1a, b) . After mono-segmental TDR, the L5-S1 COR did not differ significantly from its intact location (p [ 0.11), and was significantly more posterior to that of the reconstructed L4-L5 segment (p = 0.013). The COR location in the reconstructed L5-S1 segment was unaffected by the presence of a second TDR at L4-L5 (p [ 0.88).
The amount of preload (400 and 800 N) did not significantly affect the ROM or the COR of the reconstructed L5-S1 or L4-L5 segments.
Conclusions: TDR using a compressible 6-DOF prosthesis maintained physiologic ROM at L5-S1, similar to that at L4-L5. The COR of the reconstructed L5-S1 segment was significantly more posterior to that of the reconstructed L4-L5 segment, indicating the ability of the 6-DOF prosthesis to accomodate the native lumbosacral joint kinematics. The purpose of this study was to evaluate the osteoinductivity of E. coli-derived rhBMP-2 and the suitability of porous hydroxyapatite as a rhBMP-2 carrier. Bilateral posterolateral fusion was carried out on 76 New Zealand white male rabbits. rhBMP-2 (0, 10, 50, 200, 500, 1,000 and 2,000 g) were implanted into the bilateral transverse processes using hydroxyapatite carrier. The subjects were divided into 3 and 6-week groups and evaluated by radiography, bending test, 3D micro-CT and histological examinations. The fusion rates of the 3-week group were 83.3% for 50 and 200 lg, and 100% for 500 lg of rhBMP-2. The improvement in the 50 lg or more groups from the control group was statistically significant. The fusion rates of the 6-week group were 75% for 10 lg, and 100% for 50 lg or above.
The difference from the control group was statistically significant for all groups given 10 lg or more. Significantly higher percent volume was observed in the 3-week rhBMP-2 200 lg group than the 3-week HA group and the 6-week rhBMP-2 200 lg group compared to the 6-week HA group. The trabecular thickness was significantly higher in the 3-week rhBMP-2 200 lg group than the 3-week HA group. The histology of the 10 lg group showed some bone tissues within the pores from 3 weeks, which were observed more vividly in the 50, 200 and 500 lg groups. The 6-week rhBMP-2 10 and 50 lg groups has a lower amount of new tissue but a higher portion of complete bone tissue within the HA specimen, and along with the formation of new tissues as completely reconstituted bone tissues outside HA. The authors confirmed that injecting rhBMP-2 produced earlier and more active bone formation than implanting hydroxyapatite alone. In particular, the experimental groups with 50 lg or more rhBMP-2 reached a 100% fusion rate after 6 weeks, which was significantly higher and earlier than that after the single implantation of hydroxyapatite. The tissue examination concurred with this result.
In conclusion, an injection of 50 lg or more E. coli-derived rhBMP-2 into a hydroxyapatite carrier induced earlier bone fusion in the intertransverse processes of rabbits, which confirmed the excellent bone forming ability of E. coli-derived rhBMP-2 and the suitability of hydroxyapatite as a carrier of rhBMP-2.
S34 VALIDATION OF EOS 3D RECONSTRUCTION ACCURACY AGAINST CT
DA Glaser, J Doan, M Mukhin, P Newton OBRC, Rady Children's Hospital, San Diego, USA Scoliosis is a 3D deformity; but 3D morphological analyses are rare. The 3rd dimension is critically important, but clinically 2D-radiographs are used due to high CT radiation. Scoliosis evaluation based on 2D radiographs is a simplification of the true 3D deformity. A new low-dose radiation machine (EOS) was clinically evaluated for intra/ interobserver variability, but data are limited for reconstruction accuracy compared to CT. The objective of this study was to assess the accuracy of EOS 3D reconstructions compared to CT. Our study evaluated the single vertebra body(VB) shape and orientation precision, the global spinal position and clinical measurements accuracy and how all those parameters differ based on the subject's positioning within EOS. A synthetic scoliotic phantom (T1-L5; 42 deg Cobb) was scanned in upright position using EOS in 0, ±5, ±10 deg axial rotation and in supine position using CT. 3D EOS reconstructions, 2,000 points per VB, were superimposed on corresponding CTs. For each VB, shape accuracy was reported as mean and root-mean-square (RMS) error from the point-to-surface distances between both models. Global spinal position precision was determined by optimizing the mean vertebral centroid distances for all levels between CT and EOS and reporting resulting RMS. VB orientation accuracy was defined as the max deviation of lateral-sagittal-axial angles based on local reference frames. Clinical parameters compared: Cobb's scoliosis, kyphoses, lordoses, pelvic parameters and axial VB rotation. Mean EOS shape accuracy was 1.04 mm with 95%CI less than 2.75 mm. VB, pedicles and posterior arch were modeled equally well. Spinal position and VB orientation accuracy were very high: max RMS was in the AP direction (0.89 mm) and max mean (RMS) in lateral rotation was 1.03 deg (0.97 deg). The only parameter that significantly changed with varying phantom's positioning was AP offset (0.35 mm, p = 0.016). Accuracy was equally good for all levels with no systematic error. Clinical measurements accuracy was lowest for vertebral axial and lateral rotation (1.4 ± 2.1 and 1.7 ± 3.8 deg) and highest for pelvic parameters (0.14 ± 0.9 deg Background and purpose: To develop and test a method for motion analysis of lumbar total disc replacements using computed tomography (CT). Patients and methods: Ten patients with degenerative disc disease were included in the study. Of the ten patients, five received Prodisc, three Charite, and two Maverick prostheses at the L5-S1 level. Each patient was examined before surgery and three years after surgery. Each examination comprised two CT scans, one in provoked flexion, and one in provoked extension. Pain was evaluated using the visual analogue scale (VAS). Using a newly developed software merging method which has been described and validated firmly elswere, the flexion and extension exams were registered and the segmental movement and facet joint translation were measured at the L4-L5 and L5-S1 levels. Results: There were no significant difference in rotation or translation between the preoperative provocation and the three years' postoperative provocation. In one patient the prosthesis had subsided into the L5 vertebra. The median VAS was reduced from 6 to 3 in extension and from 4 to 2 in flexion. Both segmental rotation and facet joint translation was effectively visualised in registered volumes. The median rotation in the sagittal plane at the operated level (L5-S1) was 5.6°before surgery and 6.3°after surgery. In the adjacent level (L4-L5) the median saggital rotation (degrees) was 7.7 before and 9.2 after surgery. The 3D movement in the operated level the left facet was 3.6 mm before and 4.5 mm after surgery and for the right facet joint 3.4 mm before to 3.6 mm after surgery. Conclusion: This method was suitable to study patients operated in the lumbar spine. Detailed information about kinematics was obtained. To our knowledge this is the only non invasive method that can obtain this information in patients. This method of detecting movement in the spine is useful both in research to facilitate correct positioning of disc prostheses and the future development of TDR designs as well as for clinical use. Summary: The bone-screw force is a major concern in spinal instrumentation using pedicle screws. Monoaxial (M), polyaxial (P), and six degree of freedom post-loading (6DOF) pedicle screws are currently used screw constructs, but which types pose less risk of bone-screw connection failure is yet to be investigated. Introduction: Severe spinal deformities are surgically corrected by applying forces on the vertebrae through screws connecting the vertebrae to rods. The final forces (FF) in the construct could be divided into ''True Corrective Forces'' (TCF) (i.e. effective lowest forces needed to achieve a desired correction) and ''Extra Forces'' (EF) [i.e. supplementary forces to connect and fully seat the screws to the rods, due to their number and relative misalignment, and limited degrees of freedom (DOF)]. EF should be kept as low as possible to minimize the stress on the construct and maximize long term stability/safety of a construct. The objective was to biomechanically assess the TCF of spinal instrumentations using three types of pedicle screws. Methods: Patient-specific biomechanical (computer) models were built using the 3D geometry and spine stiffness of six Adolescent Idiopathic Scoliosis patients who have undergone a spinal instrumentation. The instrumentation steps (attachment of the concave side rod/rod derotation or direct incremental segmental translation; attachment of the 2nd rod) were simulated, each time using a different type of screws [(M)onoaxial, (P)olyaxial, or with a 6 DOF connection]. For each simulation, the FF was computed at each screw. To derive the TCF and %TCF (TCF/FF) for each case, the minimum force and moment were found between each screw and the rod to reach the same correction. Results: Similar correction was obtained using the three screw types (average differences of 2.1°and 1.3°respectively for MT Cobb and the thoracic apical vertebral rotation). The average FF for all the cases were 227 ± 129, 140 ± 94, and 103 ± 38 N, respectively for the M, P, and 6DOF screws, while the average TCF was 49 ± 27 N. Significant proportion of FF is attributed to excessive loads that overconstrain the construct (average %TCF: 21, 33 and 47%, respectively for the M, P and 6DOF screws) (Fig. 1) . Conclusion: Important excessive forces are introduced by spinal instrumentation due to the lack of compliance of the pedicle screw alignment with the spine and rod profiles. The screw-rod connection's degrees of freedom provided by the screw construct allow reducing these excessive forces. The 6DOF screws were better, followed by the polyaxial screws, to reduce the excessive force and maximize the true corrective force. Significance: Articulated (6DOF and P) screws are better suited for lowering the bone-screw force, and are more likely to improve the stability and reduce instrumentation failure. Introduction: Disc herniation and disc degeneration after nucleotomy procedures is a common problem. Simultaneous application of hyaluronic acid (HA) based matrix has been proposed to limit disc damage and thus disc degeneration. This, however, is seriously hampered by annular damage after nucleotomy procedures, with continuous loss of the substituted matrix out of the disc. Hence, in situ polymerization of the injected matrix with ultraviolet light (UVL) directly used after injection may be useful. Therefore the objective of this study was to evaluate a new HA hydrogel matrix with in situ polymerization after implantation in an established porcine discinjury-model. Methods: 12 mature minipigs were used. A total of 60 lumbar discs were analyzed. 36 discs underwent partial nucleotomy with a 16G biopsy needle. Of those, 24 discs received the matrix (collagenous scaffold component and chemically-modified HA) which was in situ polymerized using UVL immediately after transplantation. 12 nucleotomized discs and 24 non-nucleotomized discs served as controls. After 24 weeks, animals were sacrificed. X-rays and MRIs were obtained. A histo-degeneration-score (HDS) was established. Background: In the brain there is an anatomic overlap between pain matrix and mirror neuron system, which is involved in the execution of a person's action and the visual recognition of the same motor action performed by others, suggesting both systems are functionally linked. Purpose: Pain causes fear and suppression of movement. If a functional link exists, chronic pain should also suppress the visual recognition in the shared cortical substrate. We hypothesized that chronic low back pain (CLBP) affects the recognition of visually presented actions that would be painful for the observer to perform. To study whether the effect is specific for the painful region, chronic shoulder pain (CSP) was added as control. Methods: Videos of two movements (Fig. 1) were recorded with two healthy actors: A trunk rotation movement (TRM) (typical stress for CLBP) with the actor lifting a box (5, 10 or 15 kg) on his left side, twisting his trunk, placing it down on his right; a manual transfer movement (MTM) (typical stress for CSP) with the actor sitting on a bench with his back supported, taking a dumbbell (0, 3.5 or 7 kg) on his right, moving it over his head, passing it to his left hand, placing it to his left. Based on the videos, computer point-light animations were made and presented to the subjects. Each subject had to estimate the lifted weight on a 0-20 kg scale in 120 randomized sequences (609TRM, 60xMTM, 20 sequences per weight) with no information about weights, number of different weights or feedback. 16 CLBP patients, 9 CSP patients and 14 healthy controls (HC) were included. This study was supported by the German Federal Ministry of Education and Research (BMBF), 01EC1003A + B.
Results: HC were able to clearly differentiate between the presented weights. CLBP patients were impaired to differentiate the weights for TRM, they could well differentiate weights during MTM. CSP patients were impaired to differentiate weights for MTM, not for TRM (Fig. 2) . The ability to differentiate weights differed significantly between CLBP patients and HC for TRM, not for MTM. It differed significantly between CSP patients and HC for MTM, not for TRM.
Conclusions: CLBP does not only lead to restrictions of the patient's own back motions but also impairs him to discriminate details of motions, i.e. weight differences, in motions specifically involving the back in others. This may lead to misjudgements and fear avoidance. Results may be used to develop new therapeutic strategies. Introduction: Lumbar disc degeneration is related to progressive changes in the tissue composition and morphology, such as water loss, disc height loss, endplate calcification, osteophytosis, which may be present separately or in various combinations, and may have different and contrasting effects on the biomechanics of the degenerated segment. However, little is known about these effects. In this work, a wide range of clinical scenarios of disc degeneration, in which the most common degenerative changes are present in various combinations, is investigated by means of randomly generated finite element models.
Materials and methods:
A poroelastic nonlinear FE model of the L4-L5 human spine segment was employed and randomly scaled to represent 10 spine segments from different individuals. Six different degenerative characteristics (condition of nucleus pulposus, annulus fibrosus and endplate cartilage; height loss; osteophyte formation; diffuse sclerosis) were modeled in 30 randomly generated models, 10 for each overall degree of degeneration (mild, moderate, severe). For each model, a daily loading cycle including 8 h of 200 N compression representing the night rest and 16 h of 500 N compression modeling the standing position was considered. Two flexion-extension cycles were also simulated, directly after the application of the 500 N load and directly before its removal. Results: Instability for mild degeneration was not predicted: a tendency to an increase of stiffness with progressing overall degeneration was observed. Nucleus degeneration reduced the daily height variation of the disc. Water loss in the nucleus and in the annulus was significantly correlated to a decrease in the flexion-extension range of motion. Osteophytosis, diffuse sclerosis and disc height loss induced a reduction of daily disc height change and spine flexibility. Endplate sclerosis significantly limited the disc rehydration during the rest period.
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Conclusions: The reported findings might provide a basis for discussion about the choice of appropriate treatments for degenerative disc disease, both conservative or surgical, for specific clinical cases. Since all the considered macroscopic changes were found to be mechanically relevant, they should be taken into account by grading systems for disc degeneration whenever possible. This study aimed at comparing the ultimate force and damage distribution in QCT-based voxel models of vertebral bodies subjected to axial compression for distinct BCs. Methods: HRpQCT images of 11 lumbar vertebrae free of soft tissues and posterior elements were coarsened to clinical CT resolution and two geometries were created: the endplates were cropped or voxel layers were added on the intact vertebrae to mimic embedding. Bone volume fraction computed from BMD of each voxel was used to determine the elastic, plastic and damage (stiffness reduction by a scalar from 0 to 1) behavior of bone. Three BCs were tested for each specimen. The bottom nodes of the vertebral sections were fully constrained and an axial displacement (0.45 mm) prescribed to the top nodes that were also constrained in the transverse directions (BC1). For BC2, the top and bottom nodes of the vertebral sections were free transversely. BC3 was similar to BC1 but the constraints were applied at the top and bottom nodes of the PMMA of embedded vertebrae. Ultimate force was calculated and the damage was computed for each element allowing a comparison element by element between BC1, BC2 and BC3 for each specimen.
Acknowledgments: This project is funded by the EU FP-7 project GENODISC (HEALTH-F2-2008-201626).
S41 BOUNDARY CONDITIONS HAVE LITTLE EFFECT ON ULTIMATE LOAD AND DAMAGE DISTRIBUTION IN QCT-BASED VOXEL MODELS OF LUMBAR VERTEBRAE UNDER AXIAL COMPRESSION
Results: Ultimate forces obtained with BC3 correlated perfectly with those computed with BC1 (R 2 = 1.00) and BC2 (R 2 = 1.00), but were in average 3.4% lower, respectively 6% higher. Moreover, good correlation of damage distribution calculated for BC3 was found with the one of BC1 (R 2 = 0.92) and BC2 (R 2 = 0.73). Conclusion: In conclusion, voxel models of vertebral sections BC1 provide highly similar ultimate forces and damage distributions as voxel models of embedded vertebrae (current standard) for twice less preprocessing and computing time. Background: Forward bending is an integral component in activities of daily living and is routinely assessed in the clinical evaluation of lower back pain. The longitudinal movement of the sciatic nerve in response to lumbar spine and hip flexion has yet to be investigated during forward bending. The aim of this study is to quantify the longitudinal movement of the sciatic nerve in asymptomatic participants during forward bending and to determine the relationship between the movement of the sciatic nerve and the range of motion of the hips and lumbar spine during forward bending. Methods: Twenty four asymptomatic adults were recruited in this study. The three-dimensional movement of the lumbar spine and hip were measured using an infra-red active marker tracking system during forward bending. Ultrasound imaging and off-line cross-correlation analysis was used to track the movement of the sciatic nerve at the popliteal fossa during forward bending. Results: The reliability of tracking the nerve over three trials for all 24 participants resulted in an ICC of 0.83. The sciatic nerve moved proximally a mean distance of 10.49 ± 2.28 mm during forward bending. There was an average of 80.95 ± 14.77°of lumbar flexion and 33.46 ± 4.36°of hip flexion. A strong positive correlation was found between sciatic nerve excursion and lumbar spine ROM (R = 0.577, p = 0.002). However, there was no correlation between sciatic nerve excursion and hip movement. Discussion and conclusion: The results of this investigation demonstrate that the sciatic nerve at the popliteal fossa moves a substantial distance, and can be reliably tracked during forward bending. The significant strong positive correlation between the longitudinal movement of the sciatic nerve and the lumbar spinal movement may due to an increased cranial movement of the lumbosacral nerve roots evoked by greater ranges of spinal flexion as shown in previous in vitro studies. Future studies may incorporate this measurement protocol to investigate these relationships in patients with back pain and radiating pain. Introduction: Implantation of cages is often combined with additional internal fixators to provide better stability and thus a higher fusion rate. A new ultrasonic welding process (BoneWelding Ò technology) allows the melting of thermoplasts into the facet joint space to immediately anchor the facets together. The aim of this in vitro study was to determine the biomechanical behavior of the new method during flexibility testing in comparison to the stabilization with an internal fixator. Methods: For fusing the facet joints a biodegradable polymer (PLDAL 70/30) is inserted percutaneously into the facet joint space. The material melts at the contact area between bone and implant using ultrasonic energy and yields into the trabecular structures of the facet joints. The new method, developed by SpineWelding AG (Schlieren, CH) was compared in this in vitro study to the commonly used stabilization method with an internal fixator. For the tests, three L2-3 and three L4-5 segments with a median age of 75 years were used. After implanting an anterior cage (Syncage, Synthes CH) the segments were additionally stabilized with an internal fixator (CD Horizon Ò Legacy, Medtronic), which was later replaced by the new facet fusion implant. Flexibility of both methods was measured in all three motion planes at ±7.5 Nm in a custom built spine tester. Results: The internal fixator as well as the new facet fusion implant showed a significant reduction of the range of motion (ROM) in all three motion planes. The median values of the ROM after inserting the facet fusion implant were 23% of the intact ROM during flexion/ extension, 25% during lateral bending and 60% during axial rotation. The differences between fixator and facet fusion implant, however, were marginal and not significant. Discussion: The BoneWelding Ò technology provides an interesting alternative for minimal invasive stabilization of spinal motion segments and seems to achieve similar primary stability compared to an internal fixator. Exemplary histological investigations showed that the melted polymer anchored into the trabecular structures of the bone and achieved the bonding of the facet joints. The behavior of the implant during long term cyclic loading still has to be clarified. Introduction: Biological fixation of spine implants (osseointegration) is required for treatment success and long-term implant stability. The process of peri-implant bone formation involving both osteogenesis and angiogenesis can be improved with several surface modifications. Microscale surface roughness is known to play an important role in enhancing osteoblast differentiation and increasing bone formation. While it is clear that osteoblasts are sensitive to surface properties,
S44 SURFACE MODIFICATION OF TITANIUM ALLOY INDUCES STEM CELL OSTEOGENIC DIFFERENTIATION
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Eur Spine J (2011) 20 (Suppl 4):S465-S501 primary bone healing events are mediated by mesenchymal stem cells (MSCs) or osteoprogenitor cells. The aim of the present study was to elucidate whether common intervertebral implant materials such as PEEK and titanium alloy (Ti6Al4V) induce MSC differentiation and generate an angiogenic and osteogenic environment. Methods: Human MSCs (HMSCs) were cultured on tissue culture polystyrene (TCPS), PEEK, smooth Ti6Al4V (sTiAlV, Sa \ 90 nm), or rough Ti6Al4V (rTiAlV, Sa = 1.81 m) surfaces. After 7 days of culture, cell number, alkaline phosphatase activity (ALP) and secreted osteocalcin (OCN) were measured (osteoblastic phenotype); levels of osteoprotegerin (OPG, prevents osteoclastic bone resorption); TGF1; BMP2, BMP4, and BMP7; and angiogenic factors VEGF, ANG1, and FGF2 in conditioned media were analyzed to assess osteogenic and angiogenic environment. Data are mean ± SEM (n = 6/condition), analyzed by ANOVA with Bonferroni's Student's t test.
Results: Cells on TiAlV had decreased cell number and increased ALP and OCN (rTiAlV [ sTiAlV). Cells cultured on PEEK had comparable results to control cultures. Culture on rTiAlV promoted greater OPG and BMP2 production than cells on sTiAlV or PEEK, and culture on TiAlV promoted greater BMP4 production than cells on PEEK. Active and latent TGF1 was higher on PEEK than on sTiAlV and rTiAlV. VEGF production was higher on TiAlV substrates than on PEEK. FGF2 and ANG1 production was greatest on rTiAlV substrates in comparison to sTiAlV or PEEK. Discussion: Rough titanium alloy surfaces induce osteoblast differentiation of HMSCs to a greater extent than smooth titanium alloy or PEEK. It is important to notice that HMSCs differentiate to osteoblasts on rough surfaces without addition of exogenous molecules or growth factors. Cells on titanium alloy, but not on PEEK, produce an osteogenic and angiogenic environment that may translate to more and faster bone formation around the implant and contribute to the long-term success of the implant.
S45 NEUROPHYSIOLOGIC MONITORING OF THORACIC PEDICLE SCREWS INTENTIONALLY LOCATED WITHIN THE SPINAL CANAL. AN EXPERIMENTAL STUDY ON PIGS
M Antón, E Montes, J Burgos, G De Blas, C Barrios, E Hevia, C Correa, R Lorente, D Jiménez, I Regidor
Orthopedics, Hospital Clínico Universitario San Carlos, Madrid, Spain
Introduction: A high proportion of thoracic screws invading the spinal canal may not be detected by intraoperative neurophysiologic current techniques. The aim of this study was to experimentally assess the neurophysiologic changes occurring in the spinal cord during thoracic pedicle screws placement within the canal.
Materials and methods:
The spinal canal of 3 domestic pigs was exposed by a right hemilaminectomy at three different thoracic levels (T6, T9 and T11). Pedicle screws (diameter 4.5 mm) were intentionally placed within the canal. A screw was firstly placed on the outer edge of the dural sac causing slight cord displacement. A second screw was later placed in the center of the canal causing a marked encroachment of the dural sac. Evoked potentials were recorded distally in the spinal cord during and after the screws placement with one-minute intervals. If the potentials disappeared, the screw was removed and potentials recording continued for 15 min more to assess recovery. Results: In all nine experiments, there were no alterations in evoked potentials during the 20 min recording when the screws were placed at the outer edge of the dural sac. Changes in the evoked potentials occurred when the screws were placed in the center of the canal. Minimal changes occurred a mean period of 10.1 ± 2.1 min from the screw placement. Complete loss of potentials occurred at a mean period of 11.6 ± 1.9 min. After screws removal, evoked potential began to recover after a mean latency of 9.7 ± 3.0 min in six screws, and there was no recovery in the other 3 after 15 min of monitoring. Although polyetheretherketone (PEEK) devices are nonporous and have limited surface area for bone attachment, they are widely used for anterior cervical interbody fusion (ACDF). An alternative porous tantalum device has been designed which allows host bone ingrowth into the pores, potentially enhancing mechanical support. This study directly compared the host vertebral bone response to nonporous PEEK and porous tantalum implants used for cervical interbody fusion in a translational goat model. Twenty-five goats underwent ACDF using a PEEK or porous tantalum device for 6, 12 or 26 weeks. The center graft hole (GH) of each device was filled with autograft bone morsels harvested from the animal at implantation. Oxytetracycline labeling was used to determine bone viability within and around the device. Following necropsy, the vertebral segments were embedded in poly(methyl methacrylate) and sectioned. Backscatter electron imaging was used to assess the percentage of each implant surface in direct contact with host bone (ABI, Fig. 1 ) and evidence of bone bridging through the GH of the implant (Fig. 2) . The data demonstrated that the porous tantalum implants supported significantly greater amounts of bone growth in direct apposition with the implant margins and into the porous tantalum device compared to the nonporous PEEK devices. The tantalum implanted animals also had a higher frequency of continuous bone bridging through the GH compared to the PEEK implanted animals. Viable bone was observed in the host bone region and periprosthetic to the implant of all PEEK and tantalum animals within the study. Viable bone was also observed in the GH region of 100% of tantalum animals but in only 41.7% of PEEK animals, also a significant difference (p \ 0.05). The bone to porous tantalum attachment and ingrowth supported mechanical stability and appeared to better facilitate interbody fusion between the vertebral endplates. Autograft viability was better maintained within the GH of the porous tantalum implants which likely contributed to the successful bone bridging within the device. It was observed that the autograft bone placed within the nonporous PEEK devices did not always remain viable after implantation, negatively impacting bone bridging. The positive bone response to the porous tantalum material observed in this study may be attributed to the interconnected network and high volume porosity (up to 80%) of the implant. Research funding provided by industry.
Appositional Bone Index. Percentage of implant in direct contact with bone. Porous tantalum implants had significantly greater ABI versus PEEK at each time point.
Continuous bone bridging through the graft hole region of a porous tantalum implant ( Background context: The current surgical standard of care for intractable myeloradiculopathy and radiculopathy is anterior cervical discectomy and fusion (ACDF). The outcomes of ACDF are good; however ACDF may accelerate degeneration of the adjacent segments. Studies have shown that cervical total disc replacement (TDR) produces clinical outcomes as good as or better than ACDF. TDR may have the advantage of preserving the integrity of the adjacent segment by preserving motion at the treated segment. Purpose/study design: The primary purpose of this study was to compare adjacent segment degeneration (ALD) occurring after TDR versus ACDF in a prospective, randomized, multi-center, concurrently controlled FDA IDE trial conducted at 24 sites in the US. Patient sample: Patients were randomized in a 2:1 ratio to receive either a TDR (n = 164) using the Mobi-C Cervical Artificial Disc or ACDF (n = 81) using allograft and anterior plate for a total of 245 patients. All patients were diagnosed with single-level symptomatic degenerative disc disease (DDD) between C3 and C7 in the standard manner and were evaluated pre-operatively and at 6 weeks, 3, 6, 12, 18, and 24 months post-operatively. Outcome measures: The study protocol included prospectively planned radiographic evaluation of ALD at 12 and 24 months and analysis of segmental range of motion and device/graft migration and subsidence. Methods: All evaluations were conducted by an independent radiograph lab. The degree of ALD was determined using the KellgrenLawrence scale for disc degeneration. Scores between baseline and 12-and 24-month assessments were compared. Results: There were no instances of graft/device migration or subsidence in either group. All patients with determinant radiographs at 12 and/or 24 months follow-up visits and baseline were included in the ALD analysis shown in Fig. 1 . At both the superior and inferior adjacent segments, fewer TDR patients showed ALD at both time points. This difference was statistically significant for the inferior segment (p \ 0.05). The mean range of motion in the TDR group was greater than baseline at each follow-up visit in both flexion/extension and lateral bending (Table 1) . Conclusions: This study supports that TDR provides motion at the operated segment which may be a factor in the reduced rate of ALD. Presenter disclosure: royalties: LDR Spine. Fig. 1 Numbers over bars are n/n * -using Mann-Whitney U test p \ (0.05) to compare changes of assesments across treatments Objectives: Objectives of this study were to review the cases required additional surgery of fusion level elongation after occipitocervical reconstruction using cervical pedicle screw fixation (CPS) and to discuss the causes of salvage surgery. The sub-axial Injury Classification(SLIC) and Severity Scale successfully launched to help spine surgeon to classify sub-axial spine injury. To determine whether the SLIC and Severity Scale can be common evaluation tools between radiologist, resident and spine surgeon is very important for universal application. This study aimed to evaluate reliability of a SLIC to radiologist and residents as well as spine surgeon. Ninety-five cases of subaxial spine injury who already underwent operation were included in this study. Three observers measured injury morphology (0-4), disco-ligamentous complex (0-2) and neurological status(0-4) recommended by the Spine Trauma Study Group and recorded total score (0-10). All measurements were repeated two times each physicians. Twenty cases which were difficult to evaluate due to poor quality radiological findings was dropped out and the 75 cases were analyzed by Cronbach's Alpha statistics for interobserver and intraobserver reliability. Intraobserver agreements in total score for each of the three observers was ''excellent'' with correlation ranging from 95.4% (resident), 94.6% (spinals surgeon) and 95.0% (radiologist). Interobserver reliability in 1st and 2nd total score was respectively recorded to 86.3%, 85.5% between residents and spine surgeons, 84.7%, 84.0% between residents and radiologist and 82.8%, 80.9% between spine surgeon and radiologist. SLIC and Severity scale is comprehensive and easily applicable with sufficient reproducibility. It can be used common communication tools between residents, radiologists and spine surgeons.
S50 ARTEFICIAL DISC REPLACEMENT COMBINED WITH FUSION IN THE SURGICAL TREATMENT OF MULTISEGMENTAL DEGENERATIVE CERVICAL DISC DISEASE B Szollosi, PP Varga
Spine Surgery, National Center For Spinal Disorders, Budapest, Hungary Introduction: Our clinical study design was prospective, concurrently enrolled and single-center trial of the combination of fusion (intervertebral cage with or without ventrofixation) and cervical disc prosthesis implantation in the treatment of patients with multiple level degenerative disc disease. The cervical disc arthroplasty become more and more popular in the surgical treatment of the degenerativ cervical disc disease. The goals of the cervical disc arthroplasty are to maintain or restore intervertebral height, spinal balance and mobility and to avoid adjacent segment degeneration. However, in most of the patients with multisegmental degenerative disc disease the certain segments show different stage of degeneration and instability.The study was designed to investigate the clinical effects of the combination of cervical fusion and arthroplasty and to observe the stability, range of motion, and the cervical spine sagittal balance in the follow up period. Materials and methods: Since December 2007 to September 2010, 24 patients with symptomatic cervical radiculopathy and/or myelopathy underwent surgery with this combined method. In 7 cases the surgery involved two level, in 14 cases was three level, and 2 cases was four level. At the follow-up period the patients pain, neurologic function, and the radiographic parameters (range of motion at the level of prosthesis and the adjacent segments, the intervertebral disc height of the adjacent segments, lordosis of the whole cervical spine, heterotopic ossification) was evaluated.
Results: Early clinical experiences are promising. The segment of the prosthesis ultimately showed preservation of motion when compared with preoperative levels. The preop. average ROM was 8.2°(flexion/ extension), the postop. average ROM 7.6°. The whole cervical spine lordosis was preop. 1.7°the postop. 16.2°. We have no implant related failure.
Conclusions:
The most important potential advantages of this method that we can treat the multisegmental degeneration in each segment with the proper method including motion preservation and fusion, and restore the sagittal balance of the cervical spine. Although early results are promising, long-term follow up studies required to prove its efficacy in the surgical treatment of the multisegmental degenerative cases. 
Materials and methods:
From January 2009 to July 2010 the CT scan of total 1,316 subjects over age 25 were selected at random. All patients underwent whole body positron emission tomography(WB-PET) CT for reasons unrelated to spinal disease in our institute. We reviewed the WB-PET CT to find out the prevalence of spinal ligament ossification disease such as OPLL and ossification of ligament flavum(OLF). We obtained 3 mm sliced axial images and sagittal reconstruction images from WB-PET CT for the present study.
Results: Of the 1316 subjects(783 men and 533 women), subjects who had one of spinal ligament ossification(cervical OPLL or OLF, thoracic OPLL or OLF, or Lumbar OPLL or OLF) were counted 173 (13.1%). The prevalence of OPLL was 8.3% (109 of 1,316), and the prevalence of OLF was 9.7% (128 of 1,316). The prevalence of OPLL plus OLF so called tandem ossification was 3.7% (49 of 1,316) and 28.3% (49 of 173) of spinal ligament ossification. And the prevalence of cervical OPLL was 7.8% (102 of 1,316) and the prevalence of thoracic OLF was 9.3% (123 of 1,316). Both OPLL and OLF revealed about one and a half times in men than in women. And the prevalence of spinal ligament ossifications according to age revealed an increase in older age, especially markedly in over 60 years old.
Conclusion:
The prevalence of spinal ligament ossification in Korean general population was so high than other conturies. The prevalence were higher than that of Japanese and some previous Korean reports.
S52 DIAGNOSTIC IMAGING AND TREATMENT STRATEGY FOR RETRO-ODONTOID PSEUDOTUMORS
H Uchikado, G Hattori, T Miyahara Neurosurgery, Kurume University School of Medicine, Kurume, Japan
Background and objective: A retro-odontoid pseudotumor (ROPT), a reactive fibrocartilaginous mass, is known to develop after chronic atlantoaxial instability; however, one-third of the reported cases showed no overt atlantoaxial instability. The pathomechanism for such ''atypical''cases remains unclear. A retrospective review of 11 consecutive patients with a noninflammatory ROPT. Methods: We reviewed the charts and preoperative images of 11 patients with a ROPT who underwent surgical treatment. Preoperative radiographs were evaluated for atlas-dens interval (ADI). Threedimensional computed tomography (3D-CT) was evaluated for degenerative changes of bony joints and ligaments. Pre and postoperative magnetic resonance images (MRI) were evaluated.
Results: There were eight men and three women. Mean age was 73 years old. Atlantoaxial instability (ADI [ 4 mm) was observed in five patients. ADI was less than 3 mm in six patients. Ankylosis or OPLL/OALL of C2 to mid-or lower cervical was observed in four patients. Posttraumatic condition was four patients, Athetoid cerebral palsy in one patient. ROPT images were diagnosed by MRI with enhanced images and 3D-CT. Final diagnosis was calcium pyrophosphate dihydrate crystal deposition (CPPD) in two patients, disc fragment (rim-enhancement) in two patients, pseudotumor (homogeneous enhancement) in seven patients with unstable condition. The patients underwent decompressive C1 laminectomy (3 patients), posterior fusion (6 patients; occipito-cervical in 3, C1-C2 in 3) or direct removal of the pseudotumor (3 patient; transoral in one, farlateral in 2). Postoperative magnetic resonance imaging invariably demonstrated the mass regression except CPPD. Conclusion: Noninflammatory ROPTs may develop as various pathological conditions, especially those in the adjacent segments and atlantoaxial instability. On the diagnostic imaging, most important findings were enhanced pattern on MRI and calcification of ROPTs on 3D-CT. Objective: Evaluate the clinical and radiological results of a synthetic composite absorbable cervical cage (TCP/PLLA) in anterior cervical interbody discectomy and fusion (ACDF), a material that allow for facilitating further explorations.
Materials and methods:
The study subjects were 89 consecutive patients from two different centers, who underwent single or multilevel anterior cervical discectomy and fusion with an absorbable cage, with or without plate fixation. Data were measured at 3, 6 and 12 months after the surgery and at the latest follow-up available, at least 18 months. Results: The resorption rate was over 25% in 37.5% of the cases at 12 months, and in 85.0% of the cases after 18 months. It was over 75% in 30.0% of the cases after 18 months. No radiolucent line around the implant was observed for 97.0% of the cases. A bony bridge was observed between the two vertebrae with no mobility in every except two patients who presented a pseudarthrosis.
The dynamic X-rays were stables in every case, except for a patient operated on two levels without additional plating. No patients but two without plate fixation had a migration, over 5 mm, at the last follow-up. No patients but two without plate fixation had a loss of disc height, greater than 3 mm, at the last follow-up. None of the patients with additional plating had any cage migration or loss of disc height at any of the follow-up. Functional results were never poor in any case but one without additional plating. At the last follow-up, return to activities was good for 83.3% and there was no pain for 61.2% of the studied population. Cervical interbody fusion with cage was uneventful in all patients. Only one late clinical inflammation was noticed, and we did not observe any problems such as cage fracture. There were two patients with pseudarthrosis, and two patients with important cervicalgia at first follow-up, which completely disappeared thereafter.
Conclusions: This case study shows that the fusion of the TCP/PLLA absorbable cage is excellent, with a good resorption, and without clinical inflammatory reaction, at latest follow-up. The functional results and the return to activities are also good. As well, this study confirms that patients with a fixation plate have better clinical outcomes when operated on several levels, and also in terms of migration and loss of disc height, whatever the number of operated levels. Introduction: Cervical arthroplasty is designed to prevent the adjacent segment disease compared to the fusion surgery. In this respect, restoration and maintaining of segmental motion are crucial. The purpose of this study is to evaluate the maintaining or change of range of motion (ROM) of the operated and the adjacent segment after cervical arthroplasty and their related factors. Materials and methods: Among 52 consecutive patients treated with arthroplasty for 1 level cervical degenerative disease between 2006 and 2007, 22 patients (16 males and 6 females) who were followed annually for more than 3 years were evaluated (mean age; 42.09 year old, mean follow-up duration; 41.16 months). Eleven operations were performed at C5/6 segment, seven at C4/5, three at C6/7, and one at C3/4. During follow-up, heterotopic ossification was occurred in 18 patients (grade 1; five patients, grade 2; six, grade 3; seven, grade 4; none) and the median HO-free survival was 13.5 months.
Results: ROM of the index segment increased 1 year after surgery (from 9.8°at baseline to 14.9°, P value = 0.004), but it decreased at last follow-up (12.4°, P value = 0.007). The decrease of ROM of the index segment at last follow-up was correlated with ROM of the index segment at last follow-up, the duration of follow-up and the progression of facet degeneration during follow-up, and only the progression of facet degeneration showed significant correlation in the multiple linear regression analysis (p = 0.003). ROM of the index segment at last follow-up was correlated with the post-operative local lordosis of the index segment (p = 0.001) and ROM of whole cervical spine (p = 0.002) in the multivariate analysis. On the other hand, ROM of the adjacent segment changed to the opposite direction compared to that of the index segment. ROM of the adjacent segment decreased 1 year after surgery (from 10.5°at baseline to 8.7°, p value = 0.046), and it increased again at last follow-up (10.4°, p value = 0.020). ROM of the adjacent segment at last follow-up was correlated with ROM at baseline (p = 0.013) in the multivariate analysis. Conclusion: Segmental motion was restored after cervical arthroplasty and ROM of the index segment was correlated with the segmental lordosis and ROM of whole cervical spine. However, ROM of the index segment decreased when facet degeneration was progressed. ROM of the adjacent segment at last follow-up was similar to ROM at baseline and correlated with ROM at baseline.
S55 PREOPERATIVE EVALUATION OF VERTEBRAL ARTERY AND COLLATERAL VESSELS TO BASILAR ARTERY USING THE 3-DIMENTIONAL CT ANGIOGRAPHY FOR CERVICAL POSTERIOR INSTRUMENTATION
A Sano, T Hirano, K Watanabe, T Izumi, T Urakawa, N Endo, T Ito, S Inagawa
Department of Orthopedic Surgery, Niigata University Medical and Dental General Hospital, Niigata, Japan
Background: Posterior cervical instrumentation (PCI) using pediclescrews, etc. provides stable fixation for patients with cervical disorders.
However, it has risk of iatrogenic vertebral artery (VA) injury. Some authors reported usefulness of preoperative three-dimensional CT angiography (3DCTA) which can simultaneously visualize the VA and its circumferential osseous structure. However, there were no studies which evaluated existence of posterior communicating artery (PCOM) nor posterior cerebral artery (P1) using the 3DCTA, which work as collateral vessels to basilar artery in case of VA injury. Purpose: To investigate frequency of anomalous VAs and existence of PCOM and P1 using the 3DCTA to prevent vascular complications. Study design: A retrospective analysis using prospectively collected data of 3DCTA. Patients and method: Sixty-eight consecutive patients who underwent PCI (40 males and 28 females, mean age at operation: 61.4 years, range 11-90 years) since April 2008 were enrolled. The diameters of VA (VAD) from C1 to C6, PCOM (PCOMD) and P1 (P1D) were measured on preoperative CT axial images. Existence of anomalous VAs such as VA entering transverse foramen at other than C6, high-riding VA (HRVA), persistent 1st intersegmental artery (PFIA) and ponticulus posticus (PP) were evaluated. Hypoplastic arteries were defined as follows; hypoplastic VA: VAD was 2 mm smaller than the contralateral side, hypoplastic PCOM: PCOMD \ 1 mm, hypoplastic P1: P1D \ 1 mm, hypoplastic PCOM-P1: either PCOM or P1 of the same side \ 1 mm.
Results: The mean VADs, PCOMDs and P1Ds [right/left (mm)] were 3.3/3.3 (p = 0.23), 0.7/0.6 (p = 0.69) and 1.4/1.4 (p = 0.58) respectively. Eleven (8.1%) out of 136 VAs entered at other than C6 [8 (5.9%) at C5, 1 (0.7%) at C3, C4 and C7 respectively]. HRVA, PFIA and PP were observed in 9 (6.7%), 5 (3.7%) and 6 (4.4%) out of 136 VAs respectively. Hypoplastic VA was detected in 3 (4.4%) out of 68 patients. Hypoplastic PCOM was detected in 88 (64.7%) out of 136 PCOMs and hypoplastic P1 in 21 (15.2%) out of 136 P1 s. There were 38 (55.9%) patients with bilateral hypoplastic PCOM-P1 s.
There was one patient (1.4%) with hypoplastic VA and bilateral hypoplastic PCOM-P1s, in whom iatrogenic VA injury on dominant side should cause lethal complications. Conclusion: There were considerable variations in the circulation of VA and collateral vessels in this study. Preoperative 3DCTA gives us crucial information to prevent lethal vascular complications during PCI.
S56 ASSOCIATION BETWEEN RADIOLOGICAL CERVICAL DEGENERATION AND DAILY LIVING NECK FUNCTION AND PAIN IN THE COMMUNITY
T Numasawa, A Ono, K Wada, Y Yamasaki, G Kumagai, T Umeda, S Nakaji, Y Ishibashi, S Toh Orthopaedic Surgery, Hirosaki University Graduate School of Medicine, Hirosaki, Japan
Background: It was widely known that cervical degeneration progresses with age. Patients who have cervical degenerative disorder often complain of disability of function and pain in their neck. However, there were few epidemiological studies about neck function and pain in daily living. Purpose: To investigate the disability of neck function and degree of pain of neck symptom. Methods: A total of 780 volunteers underwent lateral roentgenogram of the cervical spine. Exclusion criteria for this study were persons who were under 40 years old or had history of rheumatoid arthritis previous cervical spine surgery. Finally, 768 healthy volunteers (278 men and 490 women) over 40 years old were included in this study. The mean ages in male and female participants were 59.7 (range: 40-85) and 60.1 (40-80) years, respectively. The radiographic cervical segmental alignment and degree of cervical degeneration were assessed. The cervical degenerative index (CDI) scoring which included the three variables, disc space narrowing, endplate sclerosis and anterior osteophyte formation were used for the assessment of cervical degeneration. Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ) was used for the evaluation of neck function which included extension, flexion and rotation and pain in daily living. Furthermore, neck and shoulder pain within one month was assessed using visual analogue scale (VAS). When we divided them into two groups with or without limitations of each neck function, the differences of age, radipgraphic cervical segmental alignment, CDI score and VAS were analyzed between two groups. Statistical analysis was performed using Mann-Whitney U test, and P values \0.05 were considered significant. Results: The prevalence of those who had limitations of neck motion in each extension, flexion and rotation was 9.1, 5.1 and 26.0%, respectively. Age, CDI score and VAS was significantly higher in those who had limitations of neck extension and rotation than in those who had no limitations. On the other hand, there was significantly difference in only age between those who had limitations and those who had no limitations. Discussion: Neck function in daily living was strongly associated with age. Increased cervical degeneration might be a risk factor which affects neck function of extension and rotation, and it might influence the degree of neck pain and shoulder stiffness. Orthopaedic surgery, Tokyo University, Tokyo, Japan
Background: There are limited information about the bacterial contamination (BC) at the surgical site in spine surgeries.The aim of this study was to evaluate the incidence and difference of BC rate in elective spine surgery. Methods: A cross-sectional study was conducted from October 2005 to December 2009. Consecutive patients undergoing elective spine surgeries in single institute were enrolled. All patients were given cefazolin intravenously just before incision, and irrigated with normal saline without pulsatile lavage. Body exhaust suits were not used. Surgical sites were prepared with adhesive drape after povidoneiodine painting. Three culture specimens were collected from the surgical site within 2 cm from the incision using sterile cotton swabs. The first just before incision (Swab-1), the second just before initial irrigation (Swab-2), and the third during closure after final irrigation (Swab-3). Swab specimens were immediately transported to the bacteriology laboratory inside the hospital, and identified in a same method. The exclusion criteria were operation of the infected site, use of antimicrobial prophylaxis besides cefazolin, re-operation, pregnancy, age \15, -lactam allergy, and iodine sensitivity. Statistical significance was defined as P \ 0.05 based on 2-sided hypothesis test.
Results: A total of 604 swab specimens (204 in Swab-1, 202 in Swab-2, and 198 in Swab-3) were collected from 213 patients (110 male). Positive bacterial cultures were obtained in 56 swabs. The number and percentage of BC were 1 (0.5%) in Swab-1, 23 (11.4%) in Swab-2, and 32 (16.2%) in Swab-3, increasing toward the end of the surgeries. Further analysis was performed to compare the rate between posterior cervical surgery (PC, n = 38) and posterior lumbar (PL, n = 166) surgery. There were no significant difference between two groups in time interval (mean ± SD) from incision to Swab-2 (P = 0.65, Welch) and Swab-3 (P = 0.23, Welch). The number and percentage of BC were 15 (40.5%) in Swab-2 and 22 (57.9%) in Swab-3 for PC, and 6 (3.8%) in Swab-2 and 8 (5.3%) in Swab-3 for PL, both increasing toward the end of the surgery. The BC rate was significantly higher in PC in both Swab-2 (P \ 0.001, Fisher exact) and Swab-3 (P \ 0.001, chi-square).
Conclusions: The incidence of BC increased toward the end of the operation in elective spine surgeries. BC rates were significantly higher in posterior cervical spine surgeries compared to posterior lumbar spine surgeries in both Swab 2 and 3.
S58 SURGICAL RESULTS OF LAMINOPLASTY FOR CERVICAL MYELOPATHY DUE TO LOCALIZED ANTERIOR COMPRESSION
M Toshikatsu, I Takuo, Y Satoshi Orthopedic Surgery, Social Insurance Central General Hospital, Tokyo, Japan
In general, anterior decompression and fusion are performed to treat such localized lesions as disc herniation or bone spur affecting no more than two intervertebral discs, or OPLL affecting no more than two vertebral bodies. However, when the spinal canal is narrow, degenerative changes that could cause compression may develop in adjacent segments, thus causing myelopathy to recur over the long term. For localized lesions of the cervical vertebrae with developmental canal stenosis, we have initially performed spinous processsplitting laminoplasty as the first option. The purpose of this study is to investigate the effect of laminoplasty for cervical myelopathy due to localized anterior compression. Materials and methods: Laminoplasty was selected as the first treatment option in 265 patients at Social Insurance Central General Hospital between 1994 and 2009. Of these, a total of 38 patients had a localized lesion (disc herniation or bone spur affecting no more than two intervertebral discs, or OPLL affecting no more than two vertebral bodies) and an anteroposterior diameter of the proper spinal canal (C5) of 14 mm or less. Surgical outcome was also estimated using the Japan Orthopedic Association scoring system (JOA score) and the recovery rate. The recovery rate was judged by a system proposed by Hirabayashi (Excellent: 75% and above, Good: 50-74%, Fair: 25-49%, and poor: 24% and less).
Results: The mean preoperative JOA score for the 38 patients was 9.0, whereas at the time of the survey, it was 15.3. The mean recovery rate was 79.9%. Surgical outcome was assessed by the recovery rate as excellent in 68.4% of all cases, good in 31.6%, fair in 0% and poor in 0%. The mean preoperative JOA score for the 13 patients with disc herniation was 8.5, whereas at the time of survey, it was 15.7. The mean recovery rate was 84.0%. The mean preoperative JOA score for the five patients with OPLL was 9.4, whereas at the time of the survey, it was 15.2. The mean recovery rate was 78.9%. The mean preoperative JOA score for the twenty patients with bone spur was 9.2, whereas at the time of the survey, it was 15.1. The mean recovery rate was 77.5%. The recovery rate was most favorable for the hernia patients at 84.0%. Discussion: When the spinal canal is enlarged, the spinal cord moves in the posterior direction, thus relieving compression from the anterior direction. For example, in a patient with a wide spinal canal, even when anterior compression is somewhat severe, symptoms are mild and conservative therapy is easy to perform. These findings suggest that when treating a localized lesion of the cervical vertebrae with developmental canal stenosis, performing laminoplasty first to enlarge the spinal canal is safe and effective. Conclusions: Double-door laminoplasy is effective for cervical myelopathy caused by localized anterior compression for cases in which the spinal canal is narrow.
S59 WHAT IS THE INFLUENCE OF PSYCHOSOCIAL FACTORS ON CLINICAL OUTCOME FOLLOWING CERVICAL ARTHROPLASTY?
S Lakkol, R Taranu, G Reddy, C Bhatia, T Friesem Spine Surgery, University Hospital North Tees, Stockton on Tees, UK Background: The factors that are considered to be associated with successful clinical outcomes fallowing cervical arthroplasty are patient selection, absence of facet joint changes and lack of preoperative kyphosis. Even though many studies have cited the preoperative demographic details of their patient groups, the effect of these factors on the clinical outcome measures have not been reported. The aim of the study was to assess whether the pre-operative patient characteristics have any influence on the clinical outcomes following cervical disc replacement. Conclusion: This is one of the first ever attempt to analyse the affect these psychosocial factors on the clinical outcomes following cervical arthroplasty. In our study, we conclude that there was no statistically significant contribution of these pre-operative patient factors on the clinical outcomes at the time of final follow-up.
S60 EFFICACY OF SUPER-SELECTIVE LAMINOPLASTY USING DEEP EXTENSOR MUSCLE-PRESERVING APPROACH FOR CERVICAL SPONDYLOTIC MYELOPATHY
N Ken, K Yoshihisa, A Kuniyoshi, I Manabu, S Hideki, A Yuichiro, I Akira, M Akio Orthopaedic Surgery, Hokkaido University Graduate School of Medicine, Sapporo, Japan Introduction: Cervical laminoplasty has become a standard treatment for cervical spondylotic myelopathy (CSM). However, it has been well known that a persistent axial pain, restriction of neck motion, and loss of lordotic curvature are caused by a surgical damage to the paravertebral muscle and facet joints. To prevent these problems, we have performed a super-selective laminoplasty (less than two laminae) or laminoplasty (more than three laminae) with deep extensor muscle-preserving approach for selective compressive lesions. The purpose of this study was to evaluate the efficacy of super-selective laminoplasty for CSM. Methods: A total of 90 patients with CSM were evaluated in this study. 19 patients underwent super-selective laminoplasty (SL), 71 patients received a laminoplasty (L). The preoperative and follow-up evaluations included the original Japanese Orthopaedic Association (JOA) score, the visual analogue scale (VAS) of axial pain, and the Japanese Orthopedic Association cervical myelopathy evaluation questionnaire (JOACMEQ). Results: A total of 90 patients were observed for 34 months in average (24-99 months). The average number of treated laminae was 1.9 in the SL group; 3.6 in the L group. The JOA recovery rates were statistically equivalent between two groups. Both groups appeared to be effective in reducing the axial pain. In the SL groups, the JOA-CMEQ recovery rates were 16.5% in the cervical spine function, 18.9% in the upper extremity function, 19.8% in the lower extremity function, 1.2% in the bladder function, and 10.6% in the QOL. The statistically improvements were observed in the upper extremity function and the lower extremity function at the final follow-up (P = 0.007 and 0.041 in paired t test). Conclusion: The question is whether the traditional extensive laminoplasty with a wide range of decompression is necessary for the preservation of mid-term clinical results. In this study, we have compared the minimum two-year outcome of super-selective laminoplasty with laminoplasty over three laminae. The results demonstrated that the SL group showed the equivalent effectiveness to L group, and no neurologic deterioration in spinal cord function or re-operation was demonstrated during the average 32-month followup periods. The super-selective laminoplasty using a deep extensor muscle-preserving approach was effective in improving the surgical outcomes of CSM and maintained the clinical effectiveness over 2-year follow-up periods.
S61 ANALYSIS OF SPINOPELVIC BALANCE IN SCHEUERMANN'S KYPHOSIS IN ADOLESCENT PATIENTS: A COMPARISON WITH NORMAL POPULATION
Z Zhu, Y Qiu, Q Zhao, Z Liu, B Wang Spine Surgery, Drum Tower Hospital, Nanjing University Medical School, Nanjing, China Summary: This study aims to compare the pelvic parameters between adolescents with Scheuermann's kyphosis (SK) and agematched normal controls. Thirty-one patients with SK and 53 healthy subjects were recruited for evaluation. Our results showed that pelvic incidence was significantly lower in patients with SK compared with normal adolescents. Introduction: The importance of spinopelvic alignment is increasingly considered as a main factor in the energy-efficient posture of the individual in normal and diseased states. However, the spinopelvic characteristics in SK are poorly defined in the literature. The purpose of this study is to determine if differences exist in the pelvic parameters of adolescents with SK versus age-matched normal controls. Methods: Twenty-six patients with SK aged 14.6 years (range, 11-18 years) and 53 healthy subjects with a mean age of 12.8 years (range, 11-18 years) were recruited. A radiographic comparison in terms of pelvic parameters and lumbar lordosis was carried out between adolescent patients with SK and age-matched normal controls. Results: The mean Cobb angle of global kyphosis was 66.3°(range, 38°-105°) in patients with Scheuermann's disease. Pelvic incidence was significantly lower in patients with SK compared with normal adolescents (32.4°± 12.1°vs. 43.9°± 12.3°) . Similarly, patients with SK were found to have a significantly decreased pelvic tilt relative to the control group (-0.7°± 10.6°vs. 10.5°± 9.8°), while no significant difference was noticed in terms of lumbar lordosi and sacral slope between patients and healthy subjects.
Conclusion: Pelvic incidence is initially revealed to be lower in adolescents with SK in comparison to age-matched normal controls. The decreased pelvic incidence might play a role in the development of kyphosis in Scheuermann's disease. Keywords: Scheuermann's kyphosis, pelvic incidence, normal controls. a Pre-Rod group with the direct derotation procedure done before inserting both rods (Pre-R group; n = 22 patients) and a Post-Rod group with the derotation done after concave rod C-D rotation (Post-R group; n = 20 patients). There were no statistical differences between the two groups, in terms of age, Risser's sign, curve patterns, Cobb main thoracic (MT) curve magnitude and flexibility, extension of fusion, offset measurements on the coronal plane, sagittal preoperative contour and rotation angle (RAsag) of the apical vertebra, measured with axial CT on pre-op and last follow-up control. Results: Average follow-up of 3.6 years (range, 2.3-4.6 years). The Pre-R group compared to the Post-R one showed a significantly better final correction of apical vertebral rotation (Pre-R 61.4% vs. Post-R 54.8%; p \ 0.05) and a greater final correction of Cobb MT curve magnitude (63.4 vs. 61.1%; ns) with similar maintenance of initial correction (-1.71°vs. -1.78°; ns). The T5-T12 kyphosis angle was similar before surgery (Pre-R 16.9°vs. Post-R 17.5°), but was reduced at final follow-up in Pre-R group in comparison with Post-R, that presented a little increase (Pre-R 12.5°vs. Post-R 18.5°). The same trend was registred for the T10-L2 sagittal alignment angle too (5.3°v s. 8.1°, respectively). Lumbar lordosis was similar before surgery (-41°vs. -42.1°) and at the final follow-up evaluation (-44.9°vs. -43.2°) .At the latest follow-up, SRS-30 and SF-36 findings were similar between the two groups. Conclusion: The direct derotation procedure resulted more effective both concerning correction of apical vertebral rotation and magnitude of MT curve, when applied to the spine before both rods insertion. The hypokyphotic effect of derotation procedure, registred in Pre-R group, was avoided doing derotation after concave rod rotation. Method: In this study, total 106 cases with spinal scoliosis were defined including 45 males and 61 females. The average age was 16.8 years old. In this group, 41 cases were congenital scoliosis (including 33 cases of completely segmented lateral hemivertibrae and 8 cases completely segmented posterior hemivertibrae), 62 cases were adolescent idiopathic scoliosis and 3 cases were scoliosis with neuroinomatosis. The preoperative coronal Cobb's angle and sagittal Cobb's angle of primary curve were 74.0 ± 15.20 and 31.3 ± 11.10, respectively. Within the correction segments, the screws were selectively inserted with an interval of one or two vertebrae. One to three more screws were selectively inserted into the convex side of the primary curve when the vertebral osteotomy or hemivertebral resection was not necessary. One to four more screws were selectively inserted into the one to two segments proximal and distal to the resection site on the convex side. Results: The average follow-up period was 4.5 years, ranged from 1 to 8 years. In the final follow-up, the coronal Cobb's angle was 21 ± 6.90 and the correction rate was 74.6%. The sagittal Cobb's angle was 20.2 ± 4.20 and the correction rate was 35.6%. The average height increment was 2.5 ± 1.1 cm. During the follow-up period, the correction loss on the coronal plane and sagittal plane were 3.1 ± 0.30 and 1.1 ± 0.20, respectively. Conclusion: The clinical outcome of selective screw insertion and correction on the convex side in the treatment was satisfactory. For adolescent idiopathic scoliosis with a severe curve and hemivertebral scoliosis, the correction on the convex side was more reasonable. The screw insertion on the convex side was safer, especially for the segments proximal to the apical vertebrae. The correction on the convex side can effectively avoid the disadvantage of spinal cord traction injury in the correction on the concave side, and decrease the expense of the patients. Keywords: Selective screw insertion, scoliosis, correction, convex side. Introduction: The influence of pedicle crew fixation below age 5 on canal diameter is controversial. Animal studies consistently demonstrated development of canal stenosis after pedicle screw fixation. However two clinical studies from the same center reported normal canal development after pedicle screw fixation in small kids. In both clinical studies analysis were done by indirect X-ray findings or MRI studies which were not the optimum methods to determine the canal area. The aim of this retrospective study was to evaluate the growth of several anatomic landmarks of vertebrae in patients who had pedicle screw instrumentation under age 5 by using Computerized Tomography. Materials and methods: Thirteen patients (8 female, 5 male) who had been operated due to spinal deformity under age 5 and had preoperative and more than 2 years follow-up CT of operated and adjacent vertebral segments, were included. All patients had congenital scoliosis and underwent hemivertebrectomy and transpedicular fixation one above and one below at an average age of 3 (range; 2-4). Measurements were done on CT scans at the instrumented upper (UIV) and lower (LIV) vertebrae as well as the uninstrumented upper (UAV) and lower (LAV) vertebrae. Measurements included; anterior vertebral body height (AVBH), posterior vertebral body height (PVBH), cranial end plate length (CrEPL), caudal end plate length (CaEPL), spinal canal area (SCA), anteroposterior diameter of vertebral body (APD) and lateral diameter of vertebral body (LD). Growth ratio for each parameter was calculated as percentage of change between the preoperative and final follow-up measurements. Statistical analysis was done by using repeated measures of ANOVA to compare the growth ratios in each parameter for each level. A p value of less than 0.05 was set for significance. Results: The average follow-up was 3.6 (range; 2-8) years. Eleven of the patients were over age 5 during the final CT examination while 2 were at age 4. Female to male ratio was 8-5. There was no significant differences in growth ratios of all parameters (Table) . Conclusion: This CT study showed that pedicle screw instrumentation before age 5 does not cause spinal canal narrowing.
S62 SPINAL PATHOLOGIES WITH SCOLIOSIS
UIV
LIV UUV LUV p Mean ± SD Mean ± SD Mean ± SD Mean ± SD AVBH 13.6 ± 4.9 15.7 ± 6.5 18.2 ± 6.3 18.8 ± 8.4 0.183 PVBH 11.7 ± 3.5 18.8 ± 5.9 17.9 ± 6.9 21.4 ± 15.3 0.082 CrEPL 14.4 ± 5.1 14.1 ± 3.6 18.4 ± 4.5 14.8 ± 3.9 0.064 CaEPL 17.9 ± 4.3 13.9 ± 3.5 17.9 ± 4.9 14.7 ± 4.4 0.038 Introduction: We performed a cross-sectional study targeted a total of 43,630 pupils in Niigata City, Japan in 2005 to clarify the then incidence of low back pain (LBP) in childhood and adolescence. The result of which says that the point and lifetime prevalence of LBP increased as the grade level increased and there was a tendency to have severer LBP in those who experienced pain for more than 1 month or with recurrent pain. The purpose of this study is to investigate successive change of their LBP prevalence. Methods: Tracking reports of LBP in the youngest grade (4,597 pupils at the beginning) of the previous study over a four-year period (between the ages of 9 and 12 years), distributing anonymous questionnaires to them yearly. In addition, the severity of the LBP was graded into three levels (level 1: no limitation in any activity; level 2: necessary to refrain from participating in sports and physical activities, and level 3: necessary to be absent from school). Results: In 2005, valid data were collected from 4,594 9-year-olds with the point prevalence of 2.4% and the lifetime prevalence of 7.4%, respectively. In the subsequent three years, valid data were collected from 5,439, 5,408 and 5,753 with the point prevalence of 3.4, 4.8 and 6.6% and the lifetime prevalence of 11.8, 14.6 and 17.6%, respectively. As for the severity of the LBP among pupils with a lifetime prevalence, level 1 accounted for 97. 4% (95.5, 93.8, 93 .0%), level 2 for 1.2% (2.0, 3.2, 3.6%) and level 3 for 1.4% (2.3, 3.0, 3.4%) in 2005 (subsequent three years). Discussion/conclusion: Similar to our previous cross-sectional study, the point and lifetime prevalence of LBP increased as the grade level increased in this longitudinal study. The lifetime prevalence in adolescence is gradually increasing and thus is considered to reach the same level soon as that observed in adulthood.
S67 THE NATURAL HISTORY OF MAJOR NEUROLOGICAL DEFICITS IN SURGICAL CORRECTION OF SPINAL DEFORMITY
Y Qiu, X Shao, Z Liu, W Ma, Z Zhu, B Qian, F Zhu, Y Yu, B Wang Spine Surgery, Drum Tower Hospital, Nanjing University Medical School, Nanjing, China Summary: Neurologic deficit is one of the risks of surgical correction of scoliosis. Reports of the natural history of the neurologic deficits are rare. Seventeen patients with major neural complications in spinal deformity surgery were reviewed and the majority of them achieved great degree of recovery in the first 3 months. Introduction: Major neurological deficit was defined as lesions involving the spinal cord, which was one of the risks of surgical correction of spinal deformity. The incidence and risk factors of neural complications for spinal deformity surgery have been estimated. However, no published study has ever analyzed the natural history of major neurological deficits in surgical correction of spinal deformity. In the current study, the prognosis of major neurological complications was reviewed by a long-term follow-up. Methods: A retrospective study was conducted with 2,348 consecutive patients who had undergone correction surgery of scoliosis between January 2000 and 2008 at a single centre. There were 17 major neurological deficits: 3 complete paraplegia, 7 incomplete paraplegia in both lower extremities and 7 incomplete paraplegia in one lower extremity. There were 8 males and 9 females, and the mean follow-up period was 3.8 years (2.5-9 years). In the 17 patients, there were 9 congenital scoliosis, 3 neuromuscular scoliosis, 1 Marfan syndrome, 1 neurofibromatosis 1, 1 arthrogryposis multiplex, 1 scoliosis induced by scar and 1 idiopathic scoliosis. The neurological status was evaluated at immediate post-operation, 3 months postoperation and the latest follow-up. Results: Immediately after surgery, according to the Frankle grading, 3 patients were Grade B and 14 patients were Grade C. In four of the seventeen cases, the instrumentations were removed, in nine cases the instrumentations were released or partially removed combined with laminectomy, and for the rest the instrumentations were retained without treatment. At the latest follow-up, 13 cases achieved normal or near normal recovery (Grade E) and the other 4 cases had partially residual dysfunction (Grade D: lameness or decreased myodynamia). There were 10 patients undergone vertebrectomy operation, 8 cases achieved normal or near normal recovery (Grade E) and 2 cases had partially residual dysfunction (Grade D). The instrumentations were removed in 1 case and released in 6 cases. In addition, the major neurological recovery was achieved in the first three months and the improvement developed very slowly thereafter. Conclusion: In surgical correction of scoliosis, vertebrectomy operation is a pronounced risk factor. The majority of patients with major neurological deficit would achieve recovery in the first three month. With major neurological deficits in surgical correction especially combined with vertebrectomy, the removal of instrumentation is not optimal choice, and laminectomy is a recommended treatment process. Introduction: The accuracy of the placement of pedicle screw in AIS has been well documented ranging from 50 to 97.5% in literatures. However few published studies have analyzed the difference of the screw accuracy at different instrumented levels and the risk factors affecting the screw position especially in congenital scoliosis. Methods: 101 consecutive scoliosis treated by pedicle screws based instrumentation from July 2008 to September 2009 were recruited in this study. Postoperative CT scans were performed in all cases. Group A included 65 cases with idiopathic scoliosis, with a mean age of 14.5 years at surgery (range 12-19 years) and Group B included 36 congenital scoliosis with mean age of 13.8 years (range 10-18 years). The parameters included distances of the penetration of medial, lateral pedicle cortex and anterior vertebral cortex. Pedicles breach out cortex more than 2 mm were defined as misplacement. The risk factors affecting screws accuracy were also analyzed. Results: For Group A, a total of 1,025 pedicle screws were inserted, 768 in thoracic and 257 in lumbar region. There were 87 (8.5%) screws misplaced, 35 penetrated lateral pedicle cortex, 33 penetrated medial pedicle cortex and 19 penetrated vertebral anterior cortex. The misplacement rates were higher at apical vertebra and upper end vertebra (19.5, 16.6%, respectively) when compared to other levels. The risk factors of screws perforation included larger Cobb angle and severe vertebrae rotation. For Group B, a total of 220 pedicle screws were inserted, 114 in thoracic and 106 in lumbar region. There were 20 (9.1%) screws misplaced, 7 penetrated lateral cortex, 8 penetrated medial cortex and 5 penetrated anterior cortex. The misplacement rates were higher in abnormal vertebra, on the concave side and in apex (24.0, 17.1, 15.8%, respectively). Conclusions: Pedicle screws were more likely to breach out of the pedicle wall in certain levels in AIS and CS patient which presented different risk factors. Care should be specifically taken when insert pedicle screw in the apical area and on the concave side in both groups, in upper end vertebra in AIS patients and in malformed vertebra in congenital patients.
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S69 THORACIC HYPOKYPHOSIS PLAYS AN IMPORTANT ROLE IN THE NATURAL HISTORY OF CURVE PROGRESSION IN THORACIC IDIOPATHIC SCOLIOSIS PATIENTS
J Jiang, Y Qiu, B Qian, Z Zhu, F Zhu Spine Surgery, Drum Tower Hospital, Nanjing University Medical School, Nanjing, China Summary: This study was designed to compare the sagittal parameters between thoracic idiopathic scoliosis (IS) patients with different curve progression. Patients with severely progressive curves have significantly smaller thoracic kyphosis (TK) than those with moderately progressive curves while the patients with moderately progressive curves have significantly smaller TK than those with nonprogressive curves. Thoracic hypokyphosis is considered to be an important risky factor associated with curve progression in thoracic IS patients. Introduction: Abnormal sagittal alignment has been suggested to be involved in the pathomechanism of curve development in IS patients. However, no study evaluating the differences of sagittal parameters between patients with different curve progression had been reported in the literature. The objectives of this study were to compare the sagittal profiles between thoracic IS patients with different curve progression and to determine the risky factors associated with curve progression. Methods: A total of 83 thoracic IS patients were included in this study and were divided into three groups according to different curve progression. All the patients had not received any previous treatments so that the natural histories of the curve developments were not disturbed. There were 26 skeletally mature patients (Risser sign = 5°) with Cobb angle \40°in non-progression group (NCP group), 29 mature patients with Cobb angle 40°in moderate progression group (MCP group) and 28 immature patients (Risser sign 3°) with Cobb angle 40°in severe progression group (SCP group). Five sagittal parameters, including thoracic kyphosis, lumbar lordosis, sacral slope, pelvic incidence and pelvic tilt were measured on the lateral X-ray films. Analysis of variance was used to compare these parameters between the three groups. Background: Prevelance of intraspinal anomalies in patients with Idiopathic Scoliosis is reported to be up to 21%. Therefore, preoperative MRI evaluation for patients presenting with idiopathic scoliosis is widely popular. Methods: We conducted a retrospective review of all the pediatric patients undergoing MRI assessment of spinal deformity and scoliosis correction surgery during August 1999 to August 2009. The inclusion criteria were presumed idiopathic scoliosis at presentation and subsequent corrective surgery undertaken. Scoliosis with associated neuromuscular syndromes and congenital abnormalities were excluded. Results: 300 individuals met the inclusion criteria. Out of these, 30 (10%) patients were detected to have intraspinal anomalies on MRI scan. Mean age of presentation was calculated to be 12.03 years with female preponderance. Thoracic curve comprised of 50% of total number of patients having intraspinal anomalies. Mean preoperative Cobb's angle was calculated to be 57.80°and 80% of the patients had right sided curve. 12 patients had only Syrinx, six patients had only Chiari malformation, 10 patients had a combination of Chiari malformation and Syrinx, one patient had AV fistula and one had spinal cord tumor. 29 out of 30 intraspinal anomalies were found to be associated with either Juvenile Idiopathic scoliosis or Adolescent Idiopathic scoliosis. Only one patient with infantile idiopathic scoliosis was detected to be associated with Chiari malformation. Conclusion: Recent studies show that MRI evaluation for preoperative assessment of patients undergoing Scoliois correction surgery is debatable. We recommend MRI evaluation of all the patients presenting with Juvenile or Adolescent Idiopathic Scoliosis undergoing deformity correction surgery to diagnose the probable cause of seemingly idiopathic scoliosis and to avoid intraoperative complications. Patients presenting as infantile scoliosis will either have an obvious associated syndrome or malformation which helps.
S71 DOES CURVE CONVEXITY AFFECT THE SURGICAL OUTCOMES OF THORACIC ADOLESCENT IDIOPATHIC SCOLIOSIS?
Y Qiu, A Huang, W Wang, X Sun, W Ma, F Zhu, B Qian, Y Yu, Z Zhu, B Wang Spine Surgery, Drum Tower Hospital, Nanjing University Medical School, Nanjing, China Summary: Surgical outcomes of adolescent idiopathic scoliosis (AIS) with main right thoracic (RT) or left thoracic (LT) curve matched for gender, chronological age, curve type, magnitude and surgical strategy were reviewed. The similar intra-and post-operative radiological and functional outcomes between two groups indicated that the curve convexity won't affect the surgical outcomes. Introduction: Major LT curve is an uncommon curve type in AIS and thought as a strong indicator of the presence of neural axis abnormalities. An independent clinical characteristics and natural history of LT-AIS have been reported compared to those with typical major right convex thoracic AIS. However, the surgical outcomes of LT-AIS have not been reported. Methods: Ten LT-AIS patients without neural axis malformation who treated with corrective spinal instrumentation and fusion were retrieved from our database. Ten patients with main RT-AIS matched for gender, chronological age, curve type, magnitude and surgical strategy were selected as control. All patients had at least 2-year follow-up. The pre-and post-operative radiographic parameters, intraoperative data and functional outcome assessed by SRS-22 were compared between two groups. Results: All patients were treated with posterior-only spinal instrumentation and fusion. The patients with LT-and RT-AIS presented with similar magnitudes of thoracic curves (average, 59°vs. 60°), flexibility (43.9 vs. 42.9%), post-operative thoracic curves (29°vs. 27°) and correction rate (54.2 vs. 56.7%). Compared with RT-AIS, Patients with LT-AIS showed longer operation time (364 vs. 348 min) and more amount intraoperative estimated blood loss (2,060 vs. 1,720 ml) although the differences were not statistically significant (p [ 0.05). The fusion level, loss of coronal plane correction, the final coronal and sagittal balance and the sagittal plane parameters were the same in these two groups. With regard to functional outcome, the scores of five categories of SRS-22 were similar between two groups. No neurologic or vascular complication was observed in both groups. Conclusion: The radiological and functional surgical outcomes of patients with LT-AIS were comparable to those with RT-AIS. Longer operation time and more intraoperative blood loss may be expected in LT-AIS instrumentation and fusion, which might be due to the unfamiliarity on the surgical procedure. Significance: In surgical treatment for LT-AIS, surgical strategy could be made as that for RT-AIS and comparable radiological and functional outcome could be expected.
S72 SAGITTAL PROFILE OF SURGICALLY TREATED LENKE 1 ADOLESCENT IDIOPATHIC SCOLIOSIS (AIS)
M Akbar, C Carstens, B Wiedenhöfer Department of Orthopaedic and Trauma Surgery, University of Heidelberg, Heidelberg, Germany Introduction: During posterior surgical correction of AIS, thoracic kyphosis (TK) is often sacrificed to achieve coronal and axial plane correction. The optimal surgical treatment for AIS includes also the realignment of the sagittal profile. The recent literature shows that posterior correction of thoracic AIS is highly correlated with the additional loss of thoracic kyphosis and changes of LL. The Aim of the retrospective clinical study was to compare the outcome of two different types of pedicle screws and surgical strategy concerning sagittal balance, TK, LL, pelvic tilt (PT) and sacral slope (SS). Materials and methods: Radiographs of AIS patients with a Lenke type 1 deformity and minimum 2-year follow-up after selective thoracic fusion were evaluated. The postoperative outcome (degree of correction, alignment, sagittal profile, lumbosacral pelvic relationships, flat back, loss of correction, pain intensity VAS, HQRoL and ODI) was correlated with the operative technique. Changes in TK were correlated with changes in lumbar lordosis (LL). Patients were included according to technique in three groups ((A) posterior approach with pedicle screws, (B) posterior approach with long-head pedicle screws and (C) posterior approach with long-head pedicle screws and additional Ponte osteotomies to restore TK). Analysis of variance was used to compare pre-and postoperative radiographic measures. Results: 36 patients (age: 12 ± 2 years) were included in the retrospective study. The average age was in group A 12.3 (11-14), in group B 12.4 (11-14) , and in group C 12.2 (11-149 years. The thoracic scoliosis curve was corrected in all three patient group significantly (p \ 0.0001). The correction difference of the major curve was significant comparing group A versus B (p \ 0.0001) and A versus C (p \ 0.0001). At 2-year postoperative follow-up TK and LL were significantly decreased after only posterior approach when compared with posterior approach with additional Ponte osteotomies to restore sagittal balance during first correction surgery. The patients with restored sagittal profile of the spine had significantly better HRQoL outcome measures. Conclusion: Thoracic AIS is often associated with a preexisting reduction in TK, ideal surgical correction should address this deformity. Procedures which further reduce TK also reduce LL. With this concern, we recommend a posterior column lengthening and/or an anterior column shortening to achieve restoration of normal TK and maximal LL. Results: All patients were available for follow up. The curves were retrospectively classified according to Lenke. The mean preoperative Cobb angle was 57°thoracic and 45°lumbar in Group 1, 67°thoracic and 55°lumbar in Group 2 and 72°thoracic and 55°lumbar in Group 3.The mean postoperative Cobb angle was 25°thoracic and 28°l umbar in Group 1, 15°thoracic and 22 lumbar in Group 2 and 10°t horacic and 12°lumbar in Group 3. In Group 1, eight cases showed loss of correction and screw pullout with lumbar decompensation (all were Lenke type 3), 3 of them needed revision. In Group 2, five cases showed lumbar decompensation. Those were cases of short segment fusion up to the thoracic lower end vertebra in Lenke type 3 and 4. In Group 3 there was no case of loss of correction or lumbar decompensation. At 1 year follow up there was a mean of 7°improvement of the sagittal profile. Conclusion: Compared to VDS and Posterior instrumentation without ventral release, the long term correction of the coronal and sagittal profile and sparing of fusion level is effectively achieved using the Posterior Instrumentation with simultaneous thoracoscopic ventral release in prone position (PIVR) technique. The blood loss and operative time of this technique is not to be considered high in comparison with the two settings techniques or the one setting techniques in two different positions, but it is technically demanding with a slow learning curve. The long term results showed that VDS preserved over time the advantage of sparing fusion levels only in condition of small thoracic curves with small mobile lumbar curves. Otherwise it failed to show long term stability as the stresses on the upper and to less extent the lower screws were high enough to cause screw loosening and loss of correction. There are several innovative techniques to improve the accuracy of pedicle screw placement, including navigation systems. In spite of their benefits, high-tech navigation systems are too expensive to be ubiquitously deployed, so less expensive technology is desirable. The aim of this study was to introduce a novel and affordable technique to three-dimensionally visualize anatomical features of pedicles and assist pedicle screw insertion (3D-Visual Guidance Technique for Inserting Pedicle Screws: 3D-VG TIPS). 3D-VG TIPS was designed to require only a consumer-class computer with an inexpensive 3D DICOM viewer. Preoperative CT DICOM data of the spine was collected for 3D-VG TIPS. In this technique, the anatomical axis of each pedicle can be analyzed by 3D models, as with existing navigation systems, and the location of the ideal entry point and trajectory of the pedicle screw are visualized on the surface of 3D images. Intraoperative guidance slides were made with these images, and displayed on the TV monitor or tablet computer in the operation room (Fig. 1) . The surgeon can insert the pedicle screws according to these guidance slides.
Results: This novel 3D visual guidance technique allowed surgeons at their office or home to evaluate the precise anatomy of each pedicle and risks of screw misplacement, and to perform the 3D preoperative planning of pedicle screw on their own personal computer. Looking at 3D-guidance images on the operation room's TV monitor, surgeons could determine the best entry point for the pedicle screw with ease. 397 screws were inserted in the thoracic spine (w/o group, 199; 198) . Screw malposition rate using this novel technique improved from 11.6 to 4.5% (p = 0.017) at the thoracic level in corrective surgery for AIS. Conclusion: 3D-VG TIPS works on a consumer-class computer, and easily visualized the ideal entry point and trajectory of pedicle screws without expensive special equipment. This new technique is best suitable for preoperative planning and intraoperative guidance in reconstructive surgery using pedicle screws. Introduction: Symptoms usually resolve with non-operative treatment in patients with spondylolysis. However, in some selected patients; operative treatment may be needed. Repair of pars defects is one of the surgical treatment alternatives and can be done by using several techniques. The aim of this study is to analyse the safety and efficacy of direct pars repair by using segmental pedicle screw-infralaminar hook construct. Materials and methods: Twenty-one patients (16 female and 5 male) who had been treated by direct pars repair with segmental pedicular screw-hook fixation and with minimum 2 years follow-up were included in this study. All patients had spondylolysis with isthmic defect at L5 (n = 19) or L4 (n = 2), and six (29%) of them had grade 1 spondylolysis. Six patients (29%) had mild scoliosis while 4 (19%) had Schuermann kyphosis. One patient had both scoliosis and Schuerman kyphosis. All had low back pain unresponsive to conservative measures for at least 6 months. None had radiculopathy signs. All patients had a preoperative CT scan and magnetic resonance imaging and all had Phirman class I healthy discs at the involved level. All patients had CT scans at the postoperative 1 year follow-up to evaluate healing. Two-year follow-up X-rays were analysed in terms of disc degeneration and collapse at the operated level and progression of existing deformities. Results: The mean follow-up period was 38.8 (range; 24-84) months. Mean age was 16.4 (range; 14-18) years. CT scan revealed succesfull bony union in 20 (96.1%) patients while one patient had pseudoarthrosis with no symptoms and implant failure. None of the patients had degenerative findings at the disc level below the pars defect. All patients had successful clinical outcome including the patient with non-union. Two patients with Schuermann's kyphosis underwent surgery while none of the other patients with scoliosis and kyphosis had a progression in their deformities. Conclusion: Surgical repair of spondylolysis in young patients by using pedicle screw-infralaminar hook technique resulted with satisfactory clinical and radiological outcome.
